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Introduction

In geophysical terms, China is a "data rich" country. However it is often very
difficult for Western scientists to access the available information or identify individuals
responsible for program development. The USGS has largely bypassed this bottleneck by
virtue of more than two decades of collaborative research based on an official Protocol
Agreemenl.

Geologic and geophysical data are collected by many agencies in China, including
the Ministry of Geology and Natural Resources (MGNR), Chinese Academy of Sciences,
and the State Seismological Bureau (SSB). The USGS cooperation has primarily been
with the SSB, and is based on a formal Protocol established in 1976, which undergoes an
annual review. More limited cooperation has taken place with the MGNR. At present the
USGS maintains about a dozen cooperative projects with the SSB. One conspicuously
successful aspect of the USGS program with the SSB is the operation of the 11-station
Chinese Digital Seismographic Network (CDSN), which feeds data to US investigators.
The aspecl of the USGS program involving seismological studies ofthe crust and
uppermost mantle of China has also long been very active.

The USGS emphasis on cooperation with the SSB is fortuitous in view of the fact
that the Central Government decided during the April, 1998, Party Congress to reduce
the number of State employees and number of Ministries by more than half. During this
shuffle the MGNR will be reduced in size and placed under the administration of the new
Ministry of Land and Resources. The Chinese Academy of Sciences will see many
changes, including the reduction and merging of the Institute of Geology and Institute of
Geophysics into an organization that has not yet been identified. The SSB, which is not
administered by any Ministry, will be streng’thened and will almost certainly emerge as
the leading organization for geophysics within China. The full scope of its
responsibilities related to CTBT research is not well known.

This report is focused on the crustal structure of China. Completed research is
summarized in seven chapters. The location of the seven study areas is presented in
Figure 1. Many of the results reported here have not been published, and are not available
elsewhere. No attempt is made in this introduction to summarize these seven chapters; the
abstracts serve this purpose.



Milestones and Deliverables

1. Compilation of Geophysical Data and Results:

New geophysical interpretations and/or seismological data have been provided by the
Chinese for the seven study areas in Figure 1. In five of the seven study areas, USGS
staff have participated in the analysis of the data and report preparation, most of which
was completed in our Menlo Park, California, office. Thus, all results are available in
digitial form. Of greatest significance are: (1) the long-range "Geoscienee Transect"
extending fi’om NW China, across the entire country, to the coast opposite the Island of
Taiwan (Chapters 2.1 and 2.2); (2) profile data from East-central China near Wuhan
(Chapter 2.3); and (3)network data from SW China (Yunnan and Schezwan Provinces;
Chapter 2.6); and (4) a new synthesis of~he crustal structure of China (Chapter 2.7).

In addition, Walter D. Mooney served as the English language editor of the Atlas of
Geophysics in China (Geological Publishing House, 1996), and copies of this book have
been provided by the Chinese to Dr. Mooney, who has passed them on to Dr. W. Brunish
and Dr. G. Randall, LANL (New Mexico). For reasons that are not clear, it is very
difficult to obtain this book (priced at $200 US per copy), even in China.

2. Exchange of High-level Scientists and Administrators:

High-level Chinese scientists have been sponsored at the USGS-Menlo Park, thereby
providing access to data, interpretations, and information regarding future research plans.
In 1997/98 we sponsored the Deputy Director of the SSB (Prof. He), the Director 
International Cooperation, (Madame Wang Hongzhen), the Director and Vice-Director 
the Institute of Geophysics (Prof. Chen Yuntai and Wang Chunyong, respectively), the
Bureau Chief of the SSB in Jinjiang Province, and six other important administrators. It is
on the basis of such visits that American investigators can reasonably expect access to
Chinese interpretations, and to establish personal contacts as the need arises. Because of
the size and diversity of Chinese geophysical research institutions, ranging from the
centralized SSB offices in Beijing to small, but active Provincial Bureaus, it is difficult to
anticipate opportunities to gather data relevant to CTBT monitoring. Openness and
visibility within the Chinese scientific community is critical.

3. Workshop Plans (November, 1998)

The SSB Director of International Relations has agreed to sponsor a workshop
entitled "Geodynamics and Earthquake Hazards in China", to be held in Shanghai in ¯
November (date changed from July). Prof. Francis Wu, Dr. Leonard E. Johnson, and Dr.
Mooney will be co-convenors on the American side, and will nominate participants. This
workshop was initiated on the American side to broaden bilateral discussions.



4. Invitation to participate in a major field program, West-central China, 1998

American investigators has been invited to participate in a major explosion-seismology
field investigation to take place in West-central China in June, 1999. The Project Chief,
Prof. Wang Chunyong, visited Menlo Park for three months in 1998 to discuss this and
related topics. This project will involve 12 large chemical shots fired in water bodies and
borehole. The profile is located at a latitude of 30° N., from 95° to 105° E (east flank of
the Tibetan Plateau. The nature and extent of potential American participation is still
under discussion.

5. Coordination of field programs, 1997/1998

We have fostered US participation (lead by Prof. Francis Wu) in an SSB project that
includes passive seismic recording in NE China, o11 the border with North Korea. US
participation in this project negotiated "on the spot" at the October, 1997, US-SSB
Coordinators Meeting in Beijing attended by Mooney and Wu. Dr. Mooney and Dr. L.E.
Johnson (NSF) meet on an annual basis for a four day US-PRC Coordinator’s meeting 
negotiate the list of approved activities between the S SB and America for the coming
year. The next coordinator’s meeting will be held in September, 1998, at the USGS
Seismological Laboratory in Albuquerque, New Mexico. The site was chosen in part to
facilitate potential interaction with the staff of the Los Alamos National Laboratory. It is
proposed that potential American participation in a large-scale seismic experiment in
West-central China (item 4) be negotiated at this important September meeting.

Conclusions

We achieved all of the goals we set out for this activity, and have also capitalized
on some unexpected opportunities. We continue to have a good working relationship with
the leading geophysical organization in China, the State Seismological Bureau (SSB), and
with the Ministry of Geology and Mineral Resources (MGMR). This relationship has
yielded new, unpublished data and interpretations that have allowed us to characterize the
properties of the crust and uppermost mantle of China. This relationship has also provided
American scientists with access to scientific decision makers, and given us prior
knowledge of major scientific initiatives of interest to CTBT monitoring research.
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ABSTRACT

We present a new crustal cross-section across northwest China based on a seismic

refraction profile and geological mapping. The 1100 km-long seismic refraction profile,

located on the northwesternmost part of the Geoscience Transect from Taiwan to Altal,

crosses the southern margin of the Altal block, the Junggar Aecretional Belt, the Tianshan

Accretional Bdt and the Tarim Platform. P- and S-wave seismic data acquired along this

profile were used to model both the crustal velocity structure and Poisson’s ratio in a

section through the crust and upper mantle. The largest difference in crustal thickness is

located at the northern end of the profile, where over a distance of<400 km, it varies from

54 km thick under the Altai block to 46 km thick under the Junggar Basin. On the

southern side of the basin, the crustal thickness, increases to about 49 km, and it remains

this thickness over the rest of the southern portion of the profile, with only slight variation.

Higher velocity crust with Poisson’s ratio of 0"=0.25-0.28 (Vp/V,=l.73-1.81), observed

below the Junggar Aecretional Belt, may imply either a marie crystalline Preeambrian

basement or imbricated Paleozoie accretionary belt, whereas the lower Poisson’s ratios

0=0.25-0.26 (Vp/V,=1.73-1.76), modeled through the crust in the Tianshan province, may

imply a more granitic composition. The upper and middle crust of the Tarim Platform has

a Poisson’s ratio of around 0.25 (Vp/V,=1.73), with lower average P-wave velocities than

the Tianshan accretional belt (6.0-6.3 km/s and 6.1-6.5 kin/s, respectively), suggesting



highly fractured units in the Tarim Platform. A mid-crustal low-velocity layer (Vp=5.9

km/s, ¢~=0.25) straddles the Tianshan-Tadm boundary and is underlain by a lower crust,

suggesting that Kushui Fault probably indicates the boundary between Tianshan fold belt

and Tarim platform. Observed Pn velocities seem to vary with tectonic province as we

observed Pn velocities of 7.7~7.8 -km/m between Bogdashan and Tianshan and 7.9,,,8.0

km/s below the Altai fold belt and Tadm Platform.

INTRODUCTION

In 1988, as part of the Geoscience Transect from Taiwan to Altai (GTTA), the

Chinese Ministry of Geology and Mineral Resources (MGMR) collected 3-component

seismic data along a 1100 kin-long seismic refraction profile across northwest China (Fig.

1). The goal of this project was to gain a better understanding of the deep crustal structure

beneath different tectonic provinces in the area, and to provide crustal data for mineral

resource development (Xu and Wang 1991; Wang 1992; Yuan, Zuo, and Zhang 1992;

Yuan, Zuo, and Zhang 1992 and 1994).

Some information regarding the crustal crustal velocity structure has already been

compiled for this area using tomography, including body and surface waves from

earthquake data (Futian et at. 1989; Teng et at. 1992,1994; Feng et at. 1980; H. Mahdi

and G. L. Pavlis, 1998). In recent years, advances in processing techniques for 3-

component data have enabled us to model both the P- and S-wave velocity structure from

the data collected along the profile, and to infer compositional changes within the crust

and uppermost mantle from the modeled Vp/Vs or Poisson’s ratios (Gajewski et al. 1990;

Kosminskaya 1995; Castagna 1985; Eesley 1989; Carbonell and Smithson 1995; Krilov et

al. 1995a; Holbrook et at. 1988; Holbrook, W.D. Mooney, and Christensen 1992).

GENERAL TECTONICS OF NORTIIVCEST CHINA

Like many other continental regions, the geology of northwestern China consists

of Precambrian cratons surrounded by acereted terranes that make up fold belts of various

ages. Accretion probably commenced at different times around each eraton, ranging from

the Proterozoic to the Early Paleozoic (Fig. 1). The tectonic evolution of northwest China
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is complex, and includes evidence of Late Paleozoie consolidation that was modified by

Mesozoic foreland basin development, followed by Cenozoic uplift produced by

compression and strike slip faulting (Berzin, Buslov, and Dobretsov 1991; Sengor,

Natalin, and Burtman 1993).

The important cratonic dements of China are the Sino-Korean and Yangtze eratons

and, to the west, the Tarim Platform (Fig. 1) (Zhang, Liou, and Coleman 1984). Equally

important is the Siberian craton far to the north with its extensive Early to Late Paleozoic

accretional belts now outcropping in the Altai Mountains.

The Sino-Korean craton forms a roughly triangular shape which includes Northern

China, North Korea, and South Korea (Fig. 1). The nucleus of the eraton is considered 

have formed 3.0 Ga followed by the Wutai orogeny at 2.0 Oa with final consolidation at

1.7 Ga. From Late Proterozoic to Ordovieian time, a thick passive margin sedimentary

sequence was deposited. Late Ordbvieian to Early Carboniferous sediments are generally

missing. Permian molasse and coal measures mark the final closure between the Sino-

Korean and Siberian eraton~ (Zhang, Liou, and Coleman 1984) The Yangtze eraton

formed in the period between Late Archean and the Late Proterozoic with final

consolidation during the Yangtze orogeny (~ 825 Ma) (Zhang 1985; Chang et al. 1994).

The Yangtze and Sino Korean eratons were separated by the eastern Paleoasian Ocean

(sometimes called Paleo-Tethys) until they collided to form the Qinling accretional belt 

the Early Mesozoic (Chang et al. 1994).

The Tafim platform is a relatively small block with many internal basement units

characterized by a thick cover of passive margin sediments dating from Late Proterozoic

to Cenozoic (Ren et al. 1987). The Yili block forms a very small triangular wedge whose

basement is Proterozoic with a similar history to that of the Tarim platform (Zhou, 1997).

Present day convergent strike-slip faults have imbedded the Yili Block into the Tianshan

(Fig. 1). The consolidation of the Tarim platform, the Yili Block, and the Tianshan

accretional zones began in the Carboniferous. The change from marine to lacustrine

deposits in the Junggar and Turpan basins was accompanied by collisional and intruding

post collisional granites during the Late Carbonifeous and Permian marking the closure of

the western Paleoasian Ocean (Carroll et al. 1995). To the east, the Yangzte and Sino-



Korean cratons with their accreted margins came together in the Early Mesozoic forming

the Qirding accretional system (Zhou and Graham,1996). Antecedent to these earlier

amalgamations was the. Himalayan collision (commencing ca 45 Ma), that has been

marked by 2000 km of convergence between India and Eurasia, some of which occurs in

the previously described consolidation of Central Asia (Northwest China) (Powell 

Conaghan,1973). Basin analyses and fission track studies of the Chinese Tianshan

indicates that on set of rapid uplift in the Mid-Tertiary, that continues up to the present,

can be related to the Himalayan collision (Carroll et al., 1995; Zhou, 1997). There is good

evidence that at least some of the convergence can be accounted for by strike slip motion

and compression (folding) across the Altai Mountains to the Kunlun Mountains (Zhou 

Graham 1996).

GEOLOGICAL SETTING

The north-south transect cuts eight distinct blocks at high angles (Fig. 2). Major

faults and sutures dividing represent terrane boundaries. Some of these boundaries are still

active and have been the locus of major historic earthquakes, while others mark the

tectonic zones of Paleozoic and Mesozoic continental growth.

The Altai Block

North of the Ertysh fault, the Altai block (Fig. 2) includes an Early Paleozoic

accretionary wedge nearly 12 km thick, consisting of metamorphosed sandstone, shales,

and minor limestones. Intercalated within these sedimentary sequences are mid-Paleozoic

island arc volcanics and talc-alkaline intrusives. Paleozoic low P and high T

metamorphism affected all of these rocks with intensity decreasing from north to south

(Curmingham et al., 1996a; Curmingham et al., 1996b; Qu and He, 1993; Dong, 1993;

Windley et al., 1990) (Fig. 2). The question of the existence of older basement in the Altai

is not yet resolved, but the presence of gneissic rocks along the southern border are

considered as Precambrian basement (Chang, Ying, and Coleman, 1996). Windley et al.

(1994) suggest that these gneisses may represent Precambrian-Early Paleozoic accreted



fragments. Berzin et al. (1994) show the Altai block as a micro-continent with possible

Precambrian basement (Bibkova et al., 1992).

Junggar Accretional Belt

The Junggar Accretional Belt between the Ertysh and Kelameli faults consists mainly

of accreted Devonian and Carboniferous sediments and voleanies with only scattered

Ordovician and Silurian rocks. Dismembered ophiolites are concentrated along the Ertysh,

Kelimali and Almanti faults (Fig. :2). Associated radiolaria cherts in this zone range from

Devonian to Carboniferous.These ophiolites and cherts occur mainly in a serpentinite

matrix melange indicating continued subduction and accretion from Early -Middle

Devonian to Early Carboniferous. Calc-alkaline intrusions of this time period within the

Altai and Junggar accretionary belt are derived from north-directed subduction. The final

closure along the Junggar accretional belt is marked by abundant pos~ eollisional granite

intruding both the Junggar belt and extend northward into the Altai block (Coleman,

1989).

,lunggar Basin

The Junggar basin is deposited on a basement similar to the Junggar aecretional belt.

The basin is triangular in shape, thickening gradually from north to south, and becoming

extremely deep along the Bogda island arc mountain front (Fig. 2). The basal upper

Permian deposits of the Junggar Basin are non-marne and deposited within a subsiding

foreland basin (Carroll et al., 1990). Plate tectonic reconstructions suggest that the

basement for the Junggar Basin consists of incompletely subducted mid-Carboniferous

ocean crust now imbricated with sedimentary trench volcanic arc deposits.

Bogdashan Volcanic Arc

The Carboniferous Bogdashan volcanic arc, south of the Junggar Basin, developed

by southward subduetion and extension within the earlier aeereted Paleozoic and

Precambrian Tianshan blocks. The core of the arc appears to be centered in the Bogdashan

where thick sections of Carboniferous submarine pyroclasties and basal-andesite flows



extend north and south across the present Junggar and Turpan Basins (Coleman,1989)

(Fig. 2).To the west of the Bogdashan in the Borohorashan, the Carboniferous volcanics

rest unconformably on Early Paleozoic folded aecreticnal complex of trench sediments and

dismembered ophiolite. Evidence for a Preeambdan basement underlying these

Carboniferous volearties is not seen along the northern front of the Bogdashan (Ken et al.,

1987). Permian lacustrine deposits and their overlying granitic-rich elastics are similar in

both basins suggesting that an Andean-type arc did not separate the Turpan and Junggar

Basin at this time (Greene et al., 1997).

Turpan - Hami Basin

The Turpan-Harni Basin depositional sequences are similar to those in the Junggar

Basin and consist of basal Carboniferous andesitic volcanics overlain by Permian lacustrine

mudstones interlayered continental fluvial and volcanic sediments. The Permian sequence

is overlain by nearly 3000 m Triassic and Jurassic foreland-style continental deposits, rich

in coals and lacustrine mudstones (Carroll et al., 1995; Greene et al., 1997). The

Carboniferous volcanic elastic sequences exposed on the southern margins of the Turpan-

Hami basin are intruded by late Paleozoic talc-alkaline granites related to the Bogdashan

arc.

Tianshan

South of the Kushi Fault ( also called the South Tianshan or Nicolaev Line), the

Tianshan zone has been tightly compressed during the Mesozoic and Cenozoic (Fig. 2).

The Central Tianshan consists of Proterozoie gneiss and schist intruded by Late Paleozoic

ealc-alkaline granite. These older rocks are overlain by passive margin carbonate and

continental elastics of Middle and Upper Proterozoic age (Ken et al., 1987). The South

Tianshan merges with the passive margin of the Tarim Platform. A Late Paleozoic

subduction scenerio between the Tafim and Central Tianshan has been suggested by

(Allen, Windley, and Zhang, 1992) based on scraps of ophiolite within the South Tianshan

fault zone. Pinching and complete wedging-out of the Central Tianshan further eastward,

is related to dextral strike slip faulting and crustal subduction of the Central Tianshan



block under the north facing passive margin of the Tarim Platform (Fig. 2). Finally, the

Cenozoic shortening of this area is considered to result from the collision of the Indian

Craton to the south (Carroll et at., 1995; Windley et at., I994). The Cenozoic imbrication,

and thickening of the crustal section south of the Bogdashan, was accomplished by

thrusting and strike-slip faulting at the surface, submerging the Central Tianshan under the

Tarim passive margin (Fig. 2). Present day strike slip motion along the Altyn Tagh wedge

(Zhou and Graham,1996) has combined to produce an unusually thick continental crust

underlying the GAC transect at this longitude.

Tarim

The Tarim Platform is covered by a thick foreland sequence of continental deposits.

It is nearly 10 km thick in the central portion, and thins northward "to 5 km. The Altyn

Tagh fault system has exposed Archean(?) basement on the southern boundary of the

craton. These older rocks are cut by early Paleozoie eale-alkaline granite (Fig. 2). Beneath

the sediments of the Tarim Basin, Late Proterozoie rocks floor the entire basin and exhibit

some extension but the only evidence for older oceanic crust comes from the alkali-rich,

rii~ marie intrusives, and flows of limited exposure. The Paleozoie sequence overlying

these older rocks consists of shallow marine sediments overlain by foreland-type sediments

from the Mesozoic to the present (R.en et al.,1990).

Qaidam Depression - Altyn Tagh Fault

The Qaidam Depresson is a Mesozoic-Cenozoic depression consisting of non-marine

strata derived from lacustrine and fluvial fan deposits that contain significant coal measure

(Carroll et ai.,1990; Ritts, 1995). The basement consists of a late Paleozoie fold belt

containing active continental margin sediments and voleanics. The whole sequence is

strongly folded and is related to the east-west trending Kunlun suture containing evidence

of Paleozoie convergence and development of high P - low T metamorphic rocks. The

Altan Tagh fault zone truncates these deformed E-W trending Qaidam units, juxtaposing

them against the mildly deformed Tarim Platform sequnees (Zhou and Graham, 1996).
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SEISMIC DATA

General considerations

Seismic energy was provided by twelve shots fired in boreholes. These shots had

charge sizes ranging from 1500 to 4000 kg, with a maximum offset of 300 kin. The

shotpoint interval ranged from 63 to 125 kin, and the receiver interval was between 2 and

4 kin. The entire profile is not linear, however the layout makes it possible to consider it

as three nearly straight segments for purposes of interpretation.

In order to aid in the correlation of phases, reduction velocities of 6.0 km/s and 3.46

km/s were used for P- and S-waves, respectively. The time scale used for S-waves was

multiplied by a factor of 0.58 in the S-wave record section so that they match the P-wave

arrival times. Because a slight time shift is introduced by digital filters, the unfiltered P-

wave data was used for phase correlation and traveltime picking. In order to improve the

signal-to-noise ratio for phase correlation, the S-wave data was filtered with a 0-6 Hz

bandpass.

Commonly used definations of phases, Ps (S~) actually corresponds to two traveltime

segments. The first, near the shotpoint, is a diving wave within the sedimentary layer,

whereas the second is the refraction (or diving wave) from the top of basement. PIP

(S~S), P2P ($2S) and PLP (SLS) are the reflections from the top of middle crust, 

crust and low velocity layer for P-waves (S-waves), respectively. P~,P (S,,S) is 

reflection from the Moho, and P, (Sn) is the refraction from the Moho. The typical phases

mentioned above are shown in some record sections (Fig. 3).

Correlation of phases

In general, Ps(Ss) is a very clear phase from which we can identify and specify the

traveltime very accurately. It contains detailed information about the upper crustal

velocity structure, including sediments, or weathered layer, and basement.

The first segment of Ps (Ss), corresponding to the waves propagating in the

sediments or weathered layer, is well characterized because it is the first arrival within a

distance of 50 km of the shotpoints. P-wave velocities observed for this segment increase



from the surface to a greater depth with stronger velocity gradient. The thicker or the

lower the near-surface velocity is, the larger the P8 ($8) time delay. In some places where

sediments were thin or absent, this phase has a very small time delay, and an apparent

velocity of about 6.0 km/s for P-waves (3.46 km/s for S-waves), for example, in the ease

of record section of SP1 (Fig. 4). However, the traveltimes ofP~ (S~) from shotpoints 

and SP7 (Fig. 5 and 6), which are located at the Junggar and Turpan basins respectively,

are of a larger time delay. At distances greater than 50 km about from the shotpoint, P~

($8) becomes a refracted phase along the basement, below the sediments or weathered

layer, with an apparent velocity that is usually close to or higher than the reduction

velocity.

So far, we have discussed phases that occur as first arrivals near the shotpoint, which

are usually easier to identify than later arrivals. The reflection PtP (S~S) from the top 

middle crust, the next phase to arrive after P~ (S~), has a larger amplitude than P~ (S~). 

certain distances, this phase seems to be a first arrival because the P~ ($8) energy is too

weak to be detected.

The phase P2P ($2S), which corresponds to the reflection from the top of the lower

crust, is observed in most of the record sections, and is characterized by its arrival before

the P,~P (S,~S) phase; P2P ($2S) intersects P=P (S,,S) between a distance of 200 and 

km. Despite the very great energy of the P,,P (S~,S) phase, some energy from the P~P

($2S) phase can be seen on the record sections as well.

In the record sections observed southwards from SP7, another phase P~ (SLS), can

be identified in the record sections between the phases P~P (S~S) and P2P ($2S). 

phase is visible in the trace-normalized record section despite its weak energy when

compared to the very strong P=P (SINS) phase; it nearly parallels P~P (S~S), but has a lower

average velocity. It is the phase that makes the Moho reflection a dear time delay in the

related regions (Fig.3 & Fig.6). Because no obvious time delay appears for the phases

before P~P ($2S), so the phase PeP (SLS) is infered as a reflection from the top of a 

velocity layer beneath this southern section of the profile.

The Moho reflection ProP (SINS) represents the arrival with the largest amplitude 

distances larger than 100-150 km, which indicates the critical distance range for reflection



from the Moho. Due to the complex structure, especially low velocity layer within the

crust bellow the profile, the phase P,~P (S,~S) exists in two segments with a clear time

delay at some special location. This cases can be found in the record sections from

shotpoint SP7 and SP10 (Fig.6 and Fig.3). In the record section of SP7, the arrivals 

P,~P (S,,S) becomes later at the distance greater than 170 km around in the southern

branch (about at 780 km and shotpoint SP7 is located at 602.30 km along the profile).

Meanwhile, in another record section of SP10, the traveltimes of ProP and SInS both delay

at the distance shorter than about 200 km in northern branch (about 700 km and shotpoint

SP10 is 887.70 km along the profile). These evidences indicate that the northern start

point of the low velocity layer must be located at 750 km around along the profile.

P, was observed for several shots which had receiver offsets >200 km where this

phase can be seen as a first arrivals in the record sections (’Fig.3, 5 and 6). The respective

phase, Sn, is also visible in some S-wave sections respective to P-waves. Forward

modeling of P, observations was used to determine the velocity structure of the uppermost

mantle.

MODELING THE DATA

Based on the phase correlation described above, the first arrivals of the Pg phase

were used to invert for the upper crustal velocity structure using a finite-difference

tomographic method (Hole, 1992). The reflection phases PIP, P~, P:P and P~,P were

used to determine the approximate velocity structure of the middle to lower crust with the

XLT2 method (G-iese, Prodehl and Stein, 1976). A_~er establishing an initial crustal 

wave velocity structure, the final P-wave model was determined using 2-D forward

raytracing modeling (Cerveny, Molotkov, and Psencik, 1977; Cerveny and Pseneik, 1984)

and amplitude modeling using by the reflectivity method (Fuchs and Muller, 1971) and 

ray methods. By adjusting the velocities and depths of the boundaries with raytracing

method, the different phases on the record sections were all appropriately fitted for the

traveltimes, and then the P-wave velocity model was established.
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Because the intra-erustal boundaries were kept fixed, the S-wave velocity structure

differs from P-wave velocity structure only in its velocity distribution. The upper crust

shares similar characteristics to the P-wave structure, and just replacing P-wave velocity

with S-wave velocity (assuming Poisson’s ratio is 0.25) satisfies these data. The Two-

dimensional forward modeling was used to fit the remaining S-wave phases. Finally, from

the respective P- and S-wave velocity models, the distribution of Poisson’s ratio can be

calculated.

The accuracy of the final model is dependent on a large number of factors, such as

shotpoint interval, receiver density, thickness of sediment in shallow and so on, but

primarily the correct identification of the various phases and the number of ray paths

intersecting a particular volume of the model. Perturbation of the models has shown that

resolution of the velocity and depth to interface may be accepted as better than 2% and

5%, respectively, dependent on the uniformity of structure and the ray-path coverage.

Finally, the final P and S-wave crustal velocity structures of the profile along the

Geoscience Transect from Taiwan to Altai, including the Poisson’s ratio structure, are

shown in Fig. 9. The models reveal obvious differences between tectonic units.

P and S Velocity Structure

The crustal velocity model (Fig. 9) shows many significant features. The velocity

distribution near surface varies greatly layerally. In Altai block and the Junggar accretional

belt, the velocity is very high (Vp=5.5 kin/s, Vs=3.1 km/s). The Bogda shah and Tianshan

aecretional belt also share similar characteristics. In some Mesozoic and Cenozoic basins,

however, such the Junggar, Tourpan-Harni and Dunhuang basins, the velocity is lower

(Vp=3.7~5.8 km/s and Vs=2.3,,,3.3 km/s) than that around the basinl and increases rapidly

with depth. In the Junggar Basin, the P-wave velocity near the surface is about 4.3 km/s

(Vs=2.5 kin/s) and increases to 5.8 km/s (Vs=3.3 kin/s) at about 5 km below the surface.

The Turpan-Hami Basin appears to have the thickest sediments, approximately I0 kin,

with the low velocity of 3.7 km/s (Vs=2.3 kin/s) on the surface increasing to 5.9 km/s

(Vs=3.4 km/s) above its basement. For the Dunhuang basin (eastern Tarim), the velocity
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increases similarly from 4.2 km/s (Vs=2.9 kin/s) to 5.8 km/s (Vs=3.3 kin/s) over a depth

of 6 kin.

These data reliable outline the lateral and depth extent of sedimentary basins due to

the clear contrast in velocity between basin fill and the top of the crystalline upper crest.

Over most of the profile, the velocity of the crystalline upper crust is 6.0-6.1 km/s at

depths between 8-14 kin. However, beneath the Bogda shan, a higher velocity block

(Vp=6.30 kngs, Vs--3.7 kin/s) exists in the shallow crust.

The velocity in the middle crust is 6.6 km/s under the Altai block and Junggar

accretional belt, and 6.5 kngs between Junggar and Turpan-Hami basins. Towards the

southern part of the profile, a lower velocity layer, about 5 km thick and with a P-wave

velocity of 5.9 krrds (Vs=3.4 kin/s), is overlain by a higher velocity layer of 6.3 kngs

(Vs=3.6 kin/s). Because of the low velocity layer, the time delay of the reflections from

Moho become obviously clear, as the phase Prop shown on the record section of shot SP7

and SP] 0 in which the reflection traveltimes of Prop (SINS) phase in the south of Kushui

(~750 km in the profile) is larger than in the north (see Fig.3, 6,7 and 8).

The thickness of the lower crust varies with tectonic province, especially in the

thickness of the layer. The thickness averages 30 km with a velocity of 7.0 km/s (Vs--3.9

kin/s) beneath Altai block and Junggar accretional belt, and the Moho is at a depth of

about 54 kin. The lower crust becomes thin obviously beneath the Junggar basin, where

the depth of the Moho is close to 46 kin. However towards south, the Moho becomes

deeper in a form of two steps with a velocity of 6.9~7.0 kngs (Vs~4.0 kin/s), first step 

Bogdashan and Turpan-Hami basin with a depth of 47 km and the second in the

southernmost part with a depth of around 50 kin.

The velocity distribution derived from P~ phases for the uppermost mantle varies

from 7.7 to 8.0 kin/s; the most significant characteristic is the lower value of 7.7-7.8 km/s

under the region between Junggar and Turpan-Hami basin, however higher value of 8.0

/kin appears beneath Altai block and Junggar aecretional belt, Tianshan aceretional belt

and Tarim platform.

Poisson’s ratio
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The Poisson’s ratio along the profile is shown in Fig. 9. For the sediments and

weathering layer, Poisson’s ratio is lower than 0.25, especially for the sediments in the

basins. The Turpan-Hami Basin has a minimum value of 0.18--0.25, while the Junggar

Basin has a higher value, 0.24-0.25, even when compared with other basins. However, in

accretional belts, Poisson’s ratio is higher, especially in Altal block and Junggar

accretional belt with a value of 0.25, even in the Junggar basin.

In the upper crystaline and middle crust including lower velocity layer, the Poisson’s

ratio is around 0.25 except for Altai and Junggar region which is characterized by higher

Poisson’s ratio of’ 0.26~0.2?.

The similar feature to middle crust appears in the lower crust with a value of

0.26~0.2? for the most of’ the profile, however, the value becomes higher beneath the

Altai block up to 0.28.

According to the Poisson’s ratio section, it seems to be obviously clear that, in a

view of whole crust, Poisson’s ratio is higher than other areas along the profile beneath

the Altai block and Junggar aeeretional belt, especially the lower crust with the highest

value of 0.28. In the adjacent area, under .lunggar basin, Poisson’s ratio above the lower

crust is higher than any other region along the profile, its sediments aslo shares the same

characteristics. In the Junggar basin, a high value of 0.26-0.27 predominates in the crust,

the shallow pan also shares the high value of 0.24,-0.25.

DISCUSSION AND CONCLUSION

This profile resulted in a high quality data set which was used to derive the crustal

structure (P and S-wave velocities and Poisson’s ratio) beneath the area of the transect.

These results reveal the characteristics of the crustal structure (Fig. 9) within the study

area. The depth of Moho along the profile has a dramtic variation in the junction of the

Junggar aceretional belt and the Junggar basin from 54 to 46 kin, however, in the south of

the junction, the Moho of about 48 km with a slight variation has good agreement with the

results inferred from teleseismic data (Feng et al., 1980; Lui et al., 1989; Teng et al., 1992

and 1994; Hanan Mahdi and Gary L. Pavlis,1998).
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The Poisson’s ratio, an elastic deformation characteristic related to the composition

and degree of disturbance of crystalline rocks, typically low for brittle and fractured rocks

with high quartz content (KriIov et al., 1995b; Zandt et al., 1994; Zandt and Ammon,

1995; Zandt et al., I995; Chdstensen, 1996; Rudnick and ~’ountain, 1995), becomes more

and more important, and has the potential of providing valuable constraints on crustal

composition and comprehensively understandkug the nature of earth’s crust. Now, as

laboratory-based compressional and shear wave velocity measurements for common rock

types become available, so the Poisson’s ratios determined from field measurements are

particularly important because the correlation between compresional wave velocity and

composition is limited due to the similar compressional wave velocities of many common

crustal rock types (e.g., Birch, 1960, 1961; Christensen and Mooney, 1995; Christensen,

I996). By combination of velocity structure with Poisson’s ratio, an comprehensive

interpretation of the crustal structure is possible (Fig.

The crust in the north of the junction between Altai block and .lunggar accrefional

belt is of highest Poisson’s ratio of 0"=0.25-0.28 and the greatest thickness with high

velocities along the profile, probably implies that the crust enriches mafic composition and

Precambrian basement probably exits there due to the high velocity both P and S-wave

and high Poisson’s ratio, which is related to the presence of gneissic rocks along the

souther border (Chang, Ying, and Coleman, 1996). Comparing with some seismic results

(l~ig. 1 l) in the adjacent area (???????), especially from Russia, we find that, the crust 

the northmost pan, Aitai block, has a very similar feature of velocity structure just with a

variation of crustal thickness, this probably reflect the characteristics of’ the foreland of

Siberian craton. However, there is a very distinct difference between Altai block and its

south.

In the ,lunggar basin, there is much discussion concerrdng the basement, which may

be composed of either Precambrian crystalline rocks or Paleozoic accrefiona] rocks (Yang

and Yang, 1985; Tao and Lu, 1980). The seismic cross section shows a higher Poisson’s

ratio of 0.26-0.27 than that of 0.25-0.26 in its northern side, especially in the upper and

middle crust. This may imply a mafic-rich basement, probably Precambrian basement. With

a consideration of the obvious variation in crustal thickness against both sides and other



geophysical evidences O..,. Zhang, 1991) combined with the outcrops of Precambdan rocks

around the Junggar Basin in the aeeretionary belts peripheral to the basin (C. Zhang,

1997), we prefer to infer the crust a Precambfian Massif or Preeambdan crust other than

oceanic crust imbricated with aecretionary sediments.

The crust evolution of Bogdashan and Turpan-Hami basin is relatively complicated,

and there are some controversies about the nature of the crust. Along the wide-angle

reflection/refraction profile, a lower Poisson’s ratio of 0.25-0.26 in this region was

observed. Lead systematics on the Tianshan post collisional granites south of the Nicolaev

Line reveal isotopic ratios characteristic of Preeambdan crustal rocks distinctly different

than post collisional granites in the Junggaar aecretional belt. The young age of the post-

collisional thermal event has prevented fractionation and underplating typical for much

older cratons (Rudnick and Fountain, 1995). The oldest exposed rocks in this region are

Paleozoic ophiolitic, accretionary and arc rocks of oceanic affinity. The latest results from

the isotopic variation of Nd, Sr, and Pb in Paleozoic granitoid Plutons along an east

Junggar-Bogdashan-Tianshan transect show that the distinctive differences exist between

this region and the adjacent area, and that the primary magamas chiefly from depleted

mantle sources were probably MOP, B-like basalt, extracted from upwelling asthenosphere

behind downgoing subduction slabs and ponded at the base of the oceanic arc crust (Wen

et at., 1998). According to Russian deep seismic sounding results (Krilov et al., 1995b),

the low Poisson’s ratio may imply that the block may consist of migmatized aeeretional

crust produced by the thermal event related to the passive collision between the Jurmgar

and Tienshan accretional belts and the crust has undergone homogenization and melting

during the late Paleozoie thermal event marked by post collisional granites which are

quart-rich with much talc-alkaline intrusives. In other hand, because of the strong and

frequent geological and tectonic activity, the crust become very fractured so that the

Poisson’s ratio within the crust becomes lower.

In the south of Turpan-Hami basin along the profile, Poisson’s ratio for the basement

and middle crust is also lower, probably due to the presence of granites formed in the

same thermal event. The lower crust has a higher Poisson’s ratio of 0.26-0.27 than above
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due to fractionation of the older crust and perhaps development ofgranulite facies rocks in

the lower crust. Because the fault Altyn Tagh is a strike-slip fault at the boundary between

the Tarim Platform and the. Kunlun-Qilian-Qinling fold system, the low velocity layer

within the middle crust with a low Poisson’s ratio of 0.25 can be considered to be

composed of eale-alkaline intrusives in the middle crust near the fault zone. However, the

Poisson’s ratio becomes higher in the lower crust beneath the Dunhuang (Western Tarim)

basin than that beneath Tianshan region, so it can be deduced that the crust, specially the

lower crust, is not very marie, in other words, the older crust in the southern part of

profile may be Tarim Platform that was invaded by granitic materials formed during the

thermal event that formed in the Late Palaeozoic collision and delamination and Kushui

fault near shotpoint SP9 probably is the boundary between Paleozoic acretional belt and

Tarim platform.

We have modeled the crustal velocity structure both P and S-wave and Poisson’s

ratio along the wide angle reflection profile in northwest China to invesitigate the crustal

characteristics and possible crustal eompositon. In summary, we have infered following

conclussion according to the crustal model:

1. Beneath Altai and Junggar regions, a Preearnbrian basement probably exists by the

evidence of high velocity both P and S-wave, high Poisson’s ratio and some presence~ of

Precambrian rocks within or aroud these regions.

2. A grand accretionel belt maybe exists between the southern margin of Junggar

basin and northern margin of Tarim platform and is composed of Bogda Shan, Turpan-

Hami basin and Tianshan, being produced by the thermal event related to the passive

collision between the Jurmgar and Tienshan accretional belts and the crust has undergone

homogenization and melting during the late Paleozoic thermal event marked by post

collisional granites which are quart-rich with much tale-alkaline intrusives. The lower

Poisson’s ratio is mainly caused by the vast of post collisional qurtz-riched granites. In

other hand, the low Poisson’s ratio also has the contribution of fractured crust which is

characterized in this region.
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3. The low velocity layer in the southern part of the profile probably is due to the

talc-alkaline intrusives in the middle crust near the fault zone between Tianshan and

Tarim.
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Figures

Figure 1 Tectonic setting of China indicating location of Geoseienee transect line.

Figure2. Tectonic Map of the Northwest China CAG Geoscience Transect Line Shot-

point layout used in the experiments are shown as numbered dots. Mapping

modified from Wang et al, (1996)

Figure3. Record sections of shotpoint SP1. ( upper: trace-n6rmalized band-pass filtered

(0-8 t-Iz) S-wave record section with a reduction velocity of 3.46 krn/s and a factor

of 0.58 in time scale with respect to P-wave record section; lower: trace-

normalized P-wave record section with a reduction velocity of 6.00 km/s.)

Figure4. Record sections of shotpoint SP4. ( upper: trace-normalized band-pass filtered

(0-8 Hz) S-wave record section with a reduction velocity of 3.46 km/s and a factor

of 0.58 in time scale with respect to P-wave record section; lower: trace-

normalized P-wave record section with a reduction velocity of 6.00 km/s.)

Figure 5. ~,,ecord sections of shotpoint SP7. ( upper: trace-normalized band-pass filtered

(0-8 Hz) S-wave record section with a reduction velocity of 3.46 km/s and a factor

of 0.58 in time scale with respect to P-wave record section; lower: trace-

normalized P-wave record section with a reduction velocity of 6.00 km/s.)

Figure6. Record sections of shotpoint SP10. ( upper: trace-normalized band-pass filtered

(0-8 Hz) S-wave record section with a reduction velocity of 3.46 km/s and a factor

of 0.58 in time scale with respect to P-wave record section; lower: trace-

normalized P-wave record section with a reduction velocity of 6.00 krn/s.)

Figure7. Raypath and sythetic seismogram for shotpoint SP7

Figure8. Raypath and sythetie seismogram for shotpoint SP 10

Figure 9. The crustal structure of the profile along the GTTA. (upper: P-wave velocity

structure; lower: S-wave velocity structure and Poisson’s ratio, where the dashed

lines indicate the top of basement.)

Figurel0. Geological cross-section of the transect with P-wave velocity structure

superimposed (Section follows shotline and therefore has some distortion crossing

Bogdashan).
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ABSTRACT

During the seventh Five Year Plan of the People’s Republic of China, the Ministry of Geology and

Mineral Resources designed an ambitious geological and geophysical survey, the Geoscience Transect from

Taiwan to Altay, as part of the International Lithosphere program in China. This project was carried out with

integrated geological and geophysical methods. Among the geophysical methods, seismic refraction/wide-angle

reflection techniques played an important role, and the 4300-kin-long transect was covered by several end-to-

end seismic profiles. The shotspacing along these profiles ranged from 28 km to 209 km, with an average

shotspacing of 90 km. The charge size was 0.8-3.926 tons, depending upon the requirements of the area.

Fifty-one shots were fired at 46 shot points. The spacing of stations was about 2 km near each shotpoint, 4 km

for distances less than 300 km and 8 km beyond 300 kin.

The major scientific goals of the project were: (1) to reveal the crustal and upper mantle structure and

the tectonic features along the transect in detail, (2) to study the relationship between deep crustal and mantle

structure, (3) to study the evolution of the Chinese landmass, and (4) to answer other fundamental geological

questions.

1. INTRODUCTION

China’s seventh Five Year Plan (1986-1990), a geological and geophysical project called the

Geoscience Transect from Taiwan to Altay (GTTA), was carried out, which included several seismic

refraction/wide angle reflection profiles (Fig. 1). From the northwest towards the southeast of China, the

transect crossed the Tianshan Fold System, the Tarim Platform, the eastern margin of the Tibetan Plateau,

including the Qinling-Kunlun-Qilian Fold System and the Qinghai-Tibet Fold System, the Yangtze Platform

and the southeast China Fold System (Sherman Yang and Weiran Yang, 1981). The geological and tectonic

setting along the transect are complicated, and significant topographical relief defines the area.



The structure of the crust and the upper mantle along much of the transect has in the past only been

studied with tomography using earthquake data (Rui Feng et al., 1980, Futian Liu et al., 1989, liwen Teng et

al., 1992, Jiwen Teng et al., 1994 ). There are some controversial geological uncertainties along the transect,

mainly concerning the geometry of the boundaries between different tectonic units at given depths. The purpose

of the GTTA was to study the relationship between the crustal and upper mantle structure and the known

tectonic features of China. The ultimate goal was to gain an understanding of the evolution of the Chinese

landmass (Xuecheng Yuan, 1992, Youxue Wang,1992, Xinzhong Xu and Youxue Wang, 1991). Because the

transect is very long, 4,300 km, it was divided into five segments for simplification, by dealing with only a

small portion at a time.

The project was coordinated by the Chinese Academy of Geoexploration, and involved numerous

institutions and scientists, including the Chinese Academy of Geoexploration, the Chinese Academy of

Geology, The Second Integrated Geophysical Brigade of the MGMR (the Ministry of Geology and Mineral

Resources), Chengdu College of Geology, Changchun College of Geology, Xi’an College of Geology, and the

Sichuan Seismological and Geological Brigade.

2. FIELD WORK AND DATA ACQUISITION

2.1 Environment

The local environment changes greatly from one end of the transect to the other. Line 1, for example,

located in northwest China, crosses an arid landscape with a deep water table and high topographical relief.

Lines 2 and 3 are located at the eastern margin of the Tibetan Plateau and contain extreme topographical relief;

the maximum difference in elevation is more than 3000 meters. The conditions for transportation here are very

poor, with some lakes and rivers near or across the profile lines. The water table is deep in most of the area

throughout Lines 1, 2 and 3. For Lines 4 and 5, most of the area traversed is mountainous or hilly terrain with

a shallow water table. In the northwestern areas, including Lines l and 2, the cultural noise is low due to low

population density and few industries near the profiles. However, Line 3 has a high noise level due to a river

which runs parallel to the profile. In the southeastern parts, the cultural noise is high as well.

2.2 Pre-site survey

The locations of the shotpoints and of all recording sites in the seismic survey were determined several

months befor~ the experimental expedition began. According to the designed profile, the sites were determined

on a 1:50,000 topographical map with an accuracy of 25m. Each was marked with a colored tag in order to

find it quickly and without complication during the experiment. The sites were generally located far from any

source of cultural noise so the seismic signals would not be contaminated, and the shots were usually fired at

midnight in order to avoid this contamination and to collect higher quality data.

2.3 Communication



Because the transect is very long, groups working on drilling, shooting and recording were not gathered

in the same place, but were instead spread out along the profile according to the seismic experimental design.

To ensure that the experiment would run smoothly, a communication system was required for the whole seismic

refraction/wide angle reflection operation. For this purpose, a radio network was set up using a fixed frequency

channel made available by the government. The system had several parts, a general station to issue, inform, or

change the experiment plan, and several sub-stations for drilling, shooting and recording seismic data.

2.4 Drilling and shooting

A majority of the shots were fired in drill holes, but some were fired in lakes or rivers located along the

profile. We learned that shooting in drill holes is more effective in producing seismic energy than is shooting in

water, so we fired shots in drill holes as often as possible. Shooting in drill holes is more effective when the

explosives in the drill hole are under or within the water table, so the holes were drilled deeper in areas where

the environment was arid or the water table was deep. For large charges of up to 4 tons, a multi-hole array was

required to hold the explosive and enhance the explosion energy. The explosive used in the seismic experiments

was TNT.

Table 1 lists all shots fired along the transect during the experiments with their respective parameters.

Table 1. Shotpoint parameters in the experiments

shot date longitude latitude
number

01 08/07/88 464403.00 894123.00

02 08/07/88 460127.00 900837.00

03 07/31/88 451421.00 900800.00

04 07/31/88 442722.00 900600.00

05 07/27/88 435337.00 901045.00

06 07/22/88 432908.00 913758.00

07 07/17/88 430210.00 924949.00

08 07/17/88 424244.00 935204.00

09 07/11/88 420240.00 943030.00

10 07/11/88 411829.00 951430.00

11 07/02/88 401418.00 944655.00

11 08/05/89 401417.81 944655.19

12 07/02/88 393917.00 942215.00

13 08/05/89 385137.00 941831.00

14 07/31/89 370820.00 973251.00

elevation charge type
(m) (tons)
997 3.419 hole

940 2.000 hole

1177 1.572 hole

658 2.547 hole

] 125 3.926 hole

862 1.554 hole

780 3.000 hole

800 3.000 hole

1070 1.500 hole

1755 3.007 hole

1093 1.500 hole

1093 1.450 hole

1642 3.300 hole

2862 3.000 hole

2849 3.000 hole
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27

28

29

30

30

31

32

33

34

35

36

37

38

39

40

41

42

43

07/31/89

07/23/89

07/23/89

08/28/87

08/28/87

09/20/87

09/10/87

09/24/87

09/12/86

09/16/86

09/20/86

09/28/86

10/09/86

10/13/86

10/17/86

10/21/86

11/01/86

11/03/86

11/10/86

I 1/10/86

1 l/l 2/86

11/16/86

11/20/86

11/20/86

11/27/86

12/02/86

12/02/86

12/06/86

12/12/86

12/12/86

12/17/86

12/17/86

374856.00

360427.00

351958.00

332158.69

325416.91

322059.31

312754.31

302406.59

314312.00

314312.00

311200.00

300936.00

294312.00

294312.00

291948.00

285324.00

275700.00

271858.59

271858.59

270652.09

265606.19

270420.00

264535.31

270043.41

265818.19

264610.91

262233.00

262323.09

261345.41

261634.41

260352.70

254623.30

952020.00

981012.00

990945.00

1003032.63

1014529.69

1023947.38

1031836.19

1040714.13

1035024.00

1035024.00

1045812.00

1055248.00

1063300.00

1063300.00

1074312.00

1082024.00

1094048.00

1112456.63

1112456.63

1120619.88

1122852.25

1125826.00

1133235.00

1140020.63

1143804.88

1145636.63

1152007.38

1160025.63

1162118.00

1163815.25

1171934.63

1174259.38

3158

3505

4131

3880

3380

4000

2370

470

350

350

350

350

350

350

350

350

350

200

200

150

92

110

120

160

94

70

155

200

280

335

255

670

3.000

3.100

3.295

3.830

2.920

2.156

2.700

3.160

1.000

3.000

3.000

2.000

1.500

3.000

1.000

3.000

1.000

2.000

2.050

0.994

0.948

1.000

1.5o0

1.010

1.000

1.000

1.542

1.542

1.000

1.000

1.000

1.000

water

hole

water

hole

hole

water

water

hole

water

water

water

water

w ater

water

water

water

hole

water

water

hole

hole

hole

hole

hole

hole

hole

hole

hole

hole

hole

hole

hole



44 12/26/86 252056.20 1181510.75 145 0.990 hole

45 12/29/86 250421.91 1182943.88 40 1.300 hole

46 12/30/86 245219.50 1185706.75 - 10 2.500 water

2.5 Recording and Equipment

Analog seismographs were used during the experiments, two of which were l-component and 3-

component seismometers. Before 1988, both kinds of seismometers were used in the experiments, so Lines 3

and 5 have measurements of both types. One-component equipment was not used in the experiments after

1987.

Table 2. Equipment list used in the seismic experiments

Profile Year 1-component
0

Number of Sensors
3-component

168
Total
168Line 1 1988

Line 2 1989 0 168 168
Line 3 1987 60 168 228
Line4 1986 0 60 60
Line 5 1986 70 130 130

For each profile, a consistency test for the seismometers was conducted at the beginning of the

experiments. The time service system was the BPM time signal.

2.6 Design of the experimental layout

The layout for the seismic survey was designed in accordance with the main goals and environmental

conditions prior to experimentation. Usually, reversed observation systems were used in the experiments. The

receiver stations were tightly spaced near the shotpoints to study the detailed structure of the shallow crust.

The spacing was increased at large distances from the receivers to record the Pn phase from the uppermost

mantle.

In order to study the velocity structure of the crust and the uppermost mantle in detail, the shotpoints

were spaced as close together as possible. On Line 1, and for the profiles in southeastern China, the shotpoint

spacing was generally less than 100 km. On the Qinghai-Tibet Plateau, because of the poor transportation and

drilling conditions, the shotpoint spacing was very large. The greatest shotpoint spacing in this area was more

than 200 km (Fig. 2).



3. DATA EVALUATION

With 51 shots, 48 record sections were obtained during the seismic experiments. Most of these

sections display high quality P-wave and S-wave data from 3-component seismometers (Fig.3). In some cases,

shear wave data was also acquired with the l-component seismometers (Fig.4).

In the seismic wave field, the Pg, Sg, PmP and SmS phases have a strong amplitude and are easily

identified. The refraction phase from the uppermost mantle, Pn, can be identified because it is the first arrival

at distances greater than 200 km in some sections along the transect. The Sn phase is more difficult to identify,

as it is a secondary wave.

From the 3-component record sections, it can be found that shear wave phases are easier to identify in

the horizontal components (L- and T- components) than in the vertical component (Z-component).

4. DATA PROCESSING AND INTERPRETATION

The data from the seismic profiles along the Geoscience Transect were recorded on analog tapes. The

analog seismic records (100 samples/s with a 60 second sampling length each) were digitized by A/D

transformation on an IBM-compatible PC/386, so that the data included both P- and S-wave information.

Digital processing of the data included clock drift corrections and frequency filtering before plotting the data in

the form of reduced time-distance record sections. The record sections were plotted with a reduction velocity of

6.00 km/s for P-waves and 3.46 km/s for S-waves. In order to perform phase identification and correlation, the

time scale for S-waves used in plotting the record section is equal to that of the P-wave divided by 1.73 (J.P.

Castagna, 1985, W.S. Holbrook et al., 1988, R.A. Eesley, 1989).

Following the phase correlation and identification, an initial interpretation was made. First, a 1 -D

crustal and upper mantle velocity model was obtained by 1-D inversion methods (K. Fuchs and G. Muller,

1971). Then a 2-D crustal and upper mantle model was established with 2-D ray-tracing methods (P.Giese 

al., 1976, V.Cerveny et al., 1977). The P-wave velocity structure for the crust and upper mantle along the

GTTA is shown in Fig.5.

5. CONCLUSION

The seismic experiment along the Geoscience Transect from Taiwan to Altay is the longest transect in

the world. It was a great success which provided excellent data for the in depth study of the structure of the

crust and upper mantle under China.

From these seismic experiments, much information was gained about field work, data processing and

interpretation and the crustal and upper mantle structure along the profile. Many detailed studies were

completed using information gained from the field work. The P-wave velocity structure of the crust and upper



mantle was also established for the Geoscience Transect, and will be published soon. During the experiments,

high quality P- and S-wave data were acquired. It is this combination of P- and S-wave data which makes it

possible to study the crustal and upper mantle structure in detail, especially in regards to the composition of

these units (D. Gajewski et al., 1990, W.S. Holbrook et al., 1992). The study of the S-wave velocity structure

will be continued further.
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FIGURE CAPTIONS

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

The regional tectonic map of China and the location of the geoscience transect from Taiwan to Altay
(after Shennan Yang et a1.,1985)

Layouts used in the experiments along the transect

Typical 3-component seismic record sections (upper is the vertical, middle and lower both are

horizontal, the sections were recorded from shotpoint 7 in Line 1)

Typical 1-component seismic record section (recorded from shotpoint 38 in Line 5)

The crustal P-wave velocity structure along the geoscience transect from Taiwan to Altay (upper is the

northwest part and lower is the southeast part)
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A crustal model of the ultrahigh-pressure Dabie Shan orogenic
belt, China, derived from deep seismic refraction profiling

Chun-Yong Wang and Rong-Sheng Zeng
u.s. Geological Survey, Menlo Park, California
Institute of Geophysics, China Seismological Ilureao. Beijiog

W. D. Mooney
u.s. Geological Survey, Menlo Park, Californi.’t

B. R. Hacker
Geological Sciences, University of California, Santa Barbara

Abstract. We present a new crustal cross section through tile east-west trending
ultrahigh-pressure (UHP) Dabie Shah orogenic belt, east central China, based on a 400-
kin-long seismic refraction profile. Data fi’om our profile reveal that the cratonal blocks
north and south of the oregon are composed of 35-kin-thick crust consisting of three
layers (upper, middle, and lower crust) with average seismic velocities of 6.0 +_ 0.2 km/s,
6.5 + 0.1 km/s, and 6.8 - 0.1 km/s. The crust reaches a maximum thickness of 41.5 km
beneath tile northern margin of the oregon, and thus the present-day root beneath tile
oregon is only 6.5 km thick. The upper mantle velocity is 8.0 + 0.1 km/s. Modeling of
shear wave data indicate that Poisson’s ratio increases from 0.24 + 0.02 in the upper ernst
to (I.27 _ 0.03 in the lower crust. This result is consistent with a dominantly felsie upper
crustal composition and a marie lower crustal composition within the amphibolite or
granulite metamorphic facies. Our seismic model indicates that eelogitc, which is abundant
in surface exposures within the oregon, is not a volumetrically significant component in
the middle or lower crust. Much of the Triassic structure associated with the formation of
the UHP rocks of the Dabie Shan has been obscured by post-Triassic igneous activity,
extension and large-offset strike-slip faulting. Nevertheless, we can identify a high-velocity
(6.3 kin/s) zone in the upper (<5 km depth) crustal core of the oregon which we interpret
as a zone of ultrahigh-pressure rocks, a north dipping suture, and an apparent Moho
offset that marks a likely active strike-slip fault.

1. Introduction

The Qinling-Dabie Shaa orugcnie bolt was created by the
Triassic subduetion of the northern edge of the Yangtze croton
and subsequent collision with the SinG-Korean croton (Figure
1). Widespread ultrahigh-pressure (UHP) coesito-boaring
ccologite facies rocks in the eastern Dabie Shan indicate that
during Ibis collision, crustal reeks wore subdueted to depths
>120 knt and then exhumed [Hacker etal., 1995a]. This Me-
sozoic oregon, however, is characterized by neither the prom-
inent topography nor thick crust [Zeng et al., 1995; Li and
Mooney, 1998] thal is expected in collisional orogons involving
subduction of continental crust. To determine the deep crustal
structure of the Dabie Shan, a 400-kin-long doop seismic re-
fraction profile wits recorded in 1994. In this paper we present
a two-dimensional (2-D) model of the crustal structure across
the Dahic Shah and relate this structure to the processes that
created and later modified the oregon. This model supersedes
that of Dong et al. [1996], who presented a preliminary model
based on only a portion of the seismic refraction available data.

Copyright 2000 by the Amcric;m Geophysical Union.

Paper number 1999JB900415.
0148.0227[00/1999JB900415509.00

2. Regional Geologic Setting

The Oinling-Dabie Shan orogenic belt extends WNW-ESE
for more than 2000 km and contains abundant high-pressure
metamorphic rocks includiug abundant eoesite-bearing cclo-
gito and blueschist facies rocks [Lieu etal., 1989]. UHP rocks
crop out in the three oastermnost ranges of the Qinling-Dabio
oregon, in the Hong’an, Dabie, and Su-l,u areits (Figure 1).
These rocks are believed to have been formed by north di-
rected subduetion of Iho Yanglze croton or of a mieroconti-
nent beneath the Sino-Kore;m croton. Structural [llacker et al.,
1995a], metamorphic [Lieu et ,d., 1995], and geocbronologie
[Hacker and Wang, 1995; llacker et al., 1998] data front Iho
Dabio Shah have been interpreted to indicate th.’tt exhmnation
of UHP reeks occurred in two stages, ht the Triassic-Jnrassic,
large-scale normal faults brought the UIIP rocks from edogite
facies to amphibolilo facies depths [llacker et al., 1998]. From
133 to 122 Ma, northwest-southeast extension coincident with
voluminous magmatism brought the UHP reeks to within
10-15 km of the surface [ltacker etal., 1995a, 1998].

In the Dabie Shah area, there are three east-southeast
trending bolts separated by f;tults (Figure 2). (1) The Foziling
Group consists of flyseh that has boon overlain by Ch-ctaceous
volcanic reeks. (2) The Dabie Shan contains a progrado high-
to ultrahigh-pressure metamorphic sequeuce in its sotttherI~

10,857
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Figure 1. Geologic map of the Qinling-Dabio Shim orogenic belt in the central eastern China. The region
is exceptional for the widespread occurrence of ultrahigh-pressure rocks, including coesJte-bearing eclogitc
and rare diamonds. Tile Su-Lu region is displaced to tile northeast of Dabie Shah by the Tan-Lu fault.
Previously published seismic reflection and rcfi’action profiles arc indicated (citations in text).

half and Cretaceous plutons and orthogneiss in its northern
half [Hacker et al., 1995a]. (3) The Foreland fold bolt comprises
a thick series of late Proterozoic felsic volcanic rocks and
fine-grained sedimentary rocks overlain by Late Proterozoic to
Middle Triassic sandstone, limestone, and shale. South of the
Foreland fold belt, there arc cast-wast trending folds with
several kilometer loug wavelengths that continue across the
southward projection of the Tan-Lu fault.

The Dabic Shah complex and the Foziling Group are
abruptly truncated to the east by the Tan-Lu fault (Figures 
and 2). This apparently sinistral fault may have formed in the
Triassic during the continental collision between the SinG-
Korean and Yangtze cratons [e.g., Yin and Nie, L993], and
dextral displacement is thought to have continued through tile
Jurassic and Early Cretaceous [Xu et al., 1987; Chert et al.,
1988]. Today this fault is expressed as a post-Late Cretaceous
normal fault between the Dabie Shah complex and the Fore-
land fold belt.

3. Previous Geophysical Results
Although this study is the first seismic profile across the

Dabie Shah itself, there are several nearby seismic reflection ZhM
GuT

and refraction profiles (Figure l). The Eastern Qinling reflee- BuT
tion profile [Yuan et al., 1994] is ~300 km west of the Dabie ZhZ
Shall This profile images the Qiuling orogen that separates the JaG
Sine-Korean and Yangtze cratons. According to Yum, et al. ErL

[1994] the reflection data provide evklence that late in the C;=S
ZhG

collision process tile lmver crust of the Oinling orogen was

subducted southward beneath the Yangtze craton, whereas tile
tipper crust, was overthrust on a largo scale to the south.

Three seismic refi’aetion profiles are located west, south, and
north of the orogen (Figure 1). These are tile Suixian-Anyang
profile [Hu et al., 198@ the Sttixian-Yongping profile [Group of
b=dustdal ’l~plosion Obsemation, 1988] for which a geoscience
transect was compiled [Wang et al., 1995], and the Suixian-
Ma’an Shah profile [Zheng and Teng, 1989]. All three profiles
recorded industrial explosions near the city of Suixian. South
of the Dabie Shah, Ihe crustal thickness is 34 km, and tile
average crustal velocity is 6.35 km/s [Group of bzdusO’ial l£~’-
plosion Obsemation, 1988]. North of the Dabie Shah, the Hefei
basin has a 32-kin-thick crust with an average velocity of 6.25
km/s [Zheng and 7"eng, 1989]. The Suixi;m-Anyang profile
passes through the southern portion of the Sine-Korean era-

Table 1. Locations of Shot Points

Shot Point Name Latitude N l..ongitude E

Zhuangmu 32*23.6’ L I7"07.7’
Guantin 31"50.1’ 116"52.3’
Butasl 31"28.9’ 116"44.5’
Zhuangzhong 30=43.3’ 116"17.2’
Jinggong 30=46.6, 116*52.3’
Erlanghe 30°15.3’ 116°03.1’
Caishau 29*51.6’ I 15°48.9’
Zhuanggongdtt 29"09.t’ 115°39.1’



WANG ET AL.: CRUSTAL STRUCTURF. DABIE SHAN OROGENIC BELT, CIIINA 10,859

m
U

Explanation
Quaternary alluvium

~ selamlo refraction profile
sedimentary overlap

"/¢ shot pointvolcanic overlap
plut~n (’~ Xlnyang. Shucheng Fault

cratonal cover sequence (’~ Xlaotlan - Mozltang Fault

cratonal basement (~_~ Xiangfan - Guangjl Fault
intemratonal units of uncertain affinity ~..) Tanlu Fault
carbonate mslange/ollstostrome

Early Palsozolc plutons ’,"1’ ~¢.~’~¢

"<~’ ZhM
lOOkm

,,,~ ~

~

..~ ,.~,-# t~ N~k,k

< \

"~ ’GuT
Q"~’"’= ~,,~ Sine-Korean Crater

FozP.ing.
~%o.. ~

Yangtze Craton

Figure 2. Geologic setting of the Dabic Sh.’m and location of the seismic refraction profile [after Hacker e/
el. [[995b]. Shot points are ZhM (Zhuangmu), OuT (Guantin), BuT (Butasi), ZhZ (Zhuangzhong), 
(Jinggong), ErL (Erlanghe), C:tS (Caishan), and ZhG (Zhanggongdu).

toni, which has a 34-kin-thick crust with an average velocity of
6.30 km/s [l-lu et al., 1986].

The Bougucr gravity data in the study area delineate an
dlipsoidal negative anomaly with a -50 regal average and
-75 regal low centered on the Dabie Shah (i.e., 50 km west of
shot point ZhZ, Figure 1) [Qiu and Guo, 1989]. The negative
anomaly correlates with higher topography (~1200 m) and 
small (6.5 kin) crustal root, as described below. The gravity
data have not been modeled in this study.

4. Layout of the Profile

Our seismic refraction profile trends N25°E and begins in
the north within the I-Iefei basin of the Sine-Korean craton,

passes through the Dabie Sban, and ends in the Yangtze cra-
ton. The profile crosses four significant strike-slip fanlts from
north to south: the Xinyang-Shuchcng, Xianli;m-Mozitang,
Xiangfan-Guangji, and Tan-Lu faults (Figure 2).

Eight shots (Table 1) were recorded by a total of 150 analog
recorders. Seismic energy was generated by borohole explo-
sions, with the exception of the shot at ZhZ (Figure 2), which
was an underwater explosion. Shotpoints were spaced ~50 km
apart, with the exception of shot points BuT and ZhZ which
were ~90 km apart. The explosive charge of each shot varied
from 1000 to 2000 kg, based on the site conditions and the
maximum shot-recorder distance. Seismic recorders were
spaced 3-4 km outside the orogen and were 1 km apart within
the orogen to obtain higher resolution. Most recorders were
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three-component seisniogmphs with l-Hz geophones. The an-
alog records were digitized with a lO-ms sampling interval.

5. Data Interpretation
5,1. General Analysis of Seismic Phases

A complete set of ;ill record sections are presented here.
Details of the individual sections will be discussed below.
Methods of interpretation of seismic refraction data ;rod model
nncertainties are discussed by Mooney [1989], who estimates
that seismic velocities are accurate to bettor than 3% and
boundary depths (e.g., Moho) are accurate to better than 10%
of the calculated depth. The phases Pfl’ and Pn ;ire recogniz-
able as the first arrivals on all record sections. P~, the refracted
wave propagating within the upper crust, is observed at dis-
lances of <100 kin. Pn, the refraction within the uppermost
mantle, is a Ilrst arrival at distances beyond 160 kin.

Besides the Pg’ and Pn phases, four other phases can be
recognized as secondary arrivals with highly variable clarity.
The most prominent secondary phase, ProP, is a wkle-angle
reflection from the crust-mantle boundary. This phase is visible
for all shots. Additional wide-angle reflect/otis, labeled Pt, P~,
and P.a, are variably observed from inlracrustal interfaces.
These reflections are generally weaker than ProP. One reason
for this may be seismic scattering caused by fine-scale structure
[Levander et at., 1994]. While it is generally accepted that the
crust is grossly layered and that velocity generally increases
with depth [Meissner, 1986; Mooney and lhvcher, 1987; Chris-
tensen and Mooney, 1995], fine-scale structure can also effect
the seismic response of the ernst. Nulnerical modeling dem-
onstrated that such fine-scale structure can be misinterpreted
to indicate crustal layering [Mereu and Ojo, 1981; Ojo and
Mereu, 1986; Levander and Holliger, 1992; Levander et al.,
1994]. Our interpretation is based on the assumption that the
phases Px, P2, and P.a are ray geometric (i.e., specular) reflec-
tions. However, we acknowledge that fine-so;de structure prob-
ably is also significant. It is unlikely, based on the evidence
fi’om global seismic reflection profiles, that the crust contains
continuous, smooth specular reflectors at the scale of this study
[Let,ander and Holliger, 1992]. Thus onr model is an internally
consistent (i.e., satisfying observations from multiple sources
and receivers), layered approximation to a heterogeneous
ernst. Only significantly more dense seismic data will reveal
how dose this model is to the fine-scale struetnre.

5.2. Shot Point ZhM (Zhuangmn)

Shot point ZhM (Figure 3) is located in the tlefei basin 
the Sine-Korean craton. Pg has an apparent velocity of 6.15-
6.25 km/s at distances from 40 to 75 km. P~ is a reflection witll
;in apparent velocity of 6.2 km/s between 55 and 90 kin. Re-
flection P~. is observed between 100 and 140 km with an ap-
parent velocity of 6.2-6.3 km/s. However, the precritical re-
flection for the phase P2 is not dear at distances of <100 kin,
pedmps due to crustal scattering, as mentioned above. ProP is
a very clear, high-atnplitude phase from 70 to 270 kin. The
Prop wlweform near the erilieal angle is remarkably simple,
with .’m abrupt onset that we have modeled using synthetic
seismograms with a first-order transition and a significant
(~1.0 kin/s) jump in velocity. Such crisp ProP waveforms are
common in regions that have experienced crust;d extension,
snch as mttcb of western Europe and the Basin and 17,artge
[Catch#,gs and Mooney, 1991; Jarchow etal., 1993]. The aver-
age crustal velocity, calculated from Pm P travel limes between

70 and 200 km on the section ZhM, is 6.25 km/s. A strong
secondary phase with a low apparent velocity of ~6.1 km/s that
appears to be a continuation of Prop is observed from 200 to
270 km following Pn. This phase (P~.) cannot simply be the
asympotie wide-angle Prop reflection because, in this case, the
apparent velocity would be equal to the velocity of the lower
crust (6.6-6.9 km/s in this region). The travel time and ampli-
tude of this phase are sinlilar to a prominent phase observed
on the Snixian-Ma’an Shah profile [Zheng and Teng, 1989] are
several possible interpretations of it. Zheng and Teng [1989]
considered it to be a diffracted wave from the Moho. I lowever,
we are able to obtain an excellent travel time fit to the phase 1~.
wilh a reflection frmn the bottom of a modest low-velocity
zone at a depth of 17 kin. This interpretation is essentially the
same as that of Ye etal. [1995], who observed a similar prom-
inent phase in data frmn the Swiss Alps. Pn is a dear first
arriv;d beyond the distance of 160 km and has an apparent
velocity of about 8.0 km/s.

5.3. Shot Point GuT (Guantin)
Shotpoint GuT (Figure 3) is also ill the Hefci basin, ~66 kill

south of shot point ZhM. In record section GuT-north the
apparent velocity of Pg’ is about 6.15 km/s, in agreement with
the reversing data from shot point ZbM. On section GuT-
south the apparent velocity of lhe Pt./phase is 6.2 km/s. Pbase
P1 has an apparent velocity of 6.25 km/s between 70 and 110
km. P2 is a clear reflection at distance between 120 and 160
kin, but is very weak at pro-critical distances. Prop is the
highest amplitude arrival at distance between 80 and 140 kin,
but it is not clear beyond 140 km. Pn, with an apparent velocity
of 8.1 km/s, is observed as a clear first arriwd beyond 170 kin.

5.4. Shot Point BuT (Butasi)
Shot point BuT (Figure 4) is located in the Foziling schist,

~ 10 km north of the active strike-slip Xinyang-Shucheng fault,
and ~40 km north of the Cretaceous left-lateral, normal Xiao-
tian-Mozitang fault. On section BuT-north the apparent veloc-
ity of P9 is 6.0 kin/s, 0.2 km/s less than the reversed observation
(section GuT-south). A deepening of the basement to the
north is likely to cause this difference. The phase P~ can be
traced between 30 and 70 kin. The phases 1’2 and P.~ cannot be
recognized on the north section due to the sparse st;Ilion spac-
ing. ProP is dearly observed at distances of 70-110 km.

On record section BttT-south, P/7 arrival times are about
0.5 s earlier than on the section to the north. This confirms a
northward dipping basement. In addition to P1, there are two
intracrustal reflection phases (P2 and P3) that are variably
visible on the section. Phase Prop is once again very dear and
is dominant at distances between 90 and 160 kin. Prop travel
times at dist;mees of 90-140 km on record section BuT-south
are ~1.0 s later than the travel time on section BuT-north. This
indicates that the Moho deepens to the south of BuT. The
Prop travel times for BuT-sonth are also about 1.0 s later than
for GnT-soutb (Figure 3), also indicating that the Moho deep-
ens south of shot point BuT.

&$. Shot Point ZhZ (Zhu:tngzlmng)

Shot point ZhZ (Figure 4) is located within the coesite-
bearing eelogito unit, with the receivers to the south passing
through the UHP zone. The Cretaceous synmagmatic normal
fault that dropped the coesite-eelogite unit down relative to the
northern orthognoiss in the footwall is exposed a few kilome-
ters north of the shot point. Unlike the other shots, tile explo-
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sion was detonated under water, and reverberations with high-
er-freqnency content are observed on the records.

On record section ZhZ-north, Pg has an apparent velocity
of 6.0 km/s. The upper crustal reflection Pa is weaker than that
in the section to th~ south. Phase Pz can be traced from 50 to
120 kin. P~ is not at all clear. ProP is the strongest phase on the
sectMn beyond 80 km.

On record section ZhZ-south, Pg has an apparent velocity
of 5.95 km/s. A distinct phase Pz with larger amplitude than
that of the Pg phase can b~ traced from 20 to 70 kin. This
phase is also strong on the section JnG-soutb (see below). The
phases Pz and Pz are not clearly observed. ~e shot point-
recorder distances are too short to record either Prop or

5,6. Shot Point JnG (Jinggong)

Shot point Jn~ (Figure 5) is located on the Yangtze craton,
east of the %~zn-Lu fault. It is offset ~S0 km east of the main

line. Because the main line is not perfectly straight, the records
beyond 70 km c.’m be approximatcd as in-line observations
(Figure 2). The travel time of the phase Prop for propagation
to the north is similar to ZbZ-north. The phase Prop is also
clearly observed on section JnG-south, and this nbscrvation is
important in view of the lack of ProP from section ZhZ-south.

5.7. Shot Point ErL (Erlanghe)

Shot point ErL (Figure 5) is located in the southern half 
the high-pressure metamorphic belt, just west of the Tan-Lu
fault. The apparent velocity of P9 is 5.95 kin/s, in agreement
with section ZhZ-south. Although tile ph.’tse P~ behind Pg can
be traced to 120 kin, its energy is weaker than the P~ on scEtion
ZhZ-south. Similar to section BuT-south, phase P2 is strongest
at distances of 17.0-150 kin. ProP is dominant beyond 80 km
and consists of a simple waveform with an abrupt onset. The
arrival time at 100 km is 0.5 s earlier than on sections ZhZ-
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Figm’e 4. (top) Trace-uormalized low-pass filter (10 Hz) record section of shot point BuT. The Moho
reflection, ProP, is a strong phase in the data recorded to the south. Two intracrustal rcflcction phases, P~. ~tnd
P.~, are evident with variable amplitude before the phase ProP. Station spacing averaged 4 km to the north
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to 0.7 s behind the P.q phase on the record section to the south. The Moho reflection, ProP, is clearly recorded
to the north, and there is abundant seismic energy following the first arriwd, Pg, and before ProP. We identify
three intraeruslal reflected phases, P~, Pz, and Pz, but scattering may also contrihute to this seismic energy.

north and BuT-south. Pn is weaker than on sections of ZhM
;rod GuT-south. Except for Pg and ProP, all of the phases on
lhe section are weaker than on the section BuT-south.

5.8. Shot Point CaS (Caish:m)

Shot point CaS (Figure 6) is located in the fold-thrust belt
south of 111o Dabic Shah, close to the Yangtze River. On
section CaS-north, Pg is generally obscured near the shot
point due to the high background noise. Pz and Pa are ob-
served variably. The arrival time of ProP is basically the same
as that of ErL-north. The profile is not long enough [or Pn to
be recognized as the first arrival. Although there is only a short
observation distance (~10 kin) south of the shot point, we can
easily see from the late Pg arrival time that the basement
deepens beneath the Yangtze PJver valley.

5.9. Shot Point ZhG (Zhanggongdu)

Shot point ZhG (Figure 6) is located in the Yangtze eraton.
Pg cau be traced from I0 to 60 km with an apparent velocity
of 5.9 km/s. Between P# and ProP, intracrustal refieetion P~ is

evident from 70 to 110 km. The ProP travel time at a distance
of 100 km is similar to that on sections CaS and ZhM. Pn
appears beyond ~160 km as the first arrival and has an appar-
ent velocity of ~7.9 kmls.

6. Two-Dimensional Modeling

A finite dit’l~erence tomographic inversion method [Vidale,
1988, 1990] was used to model the upper crustal velocity struc-
ture based on the Pg arrivals. Modeling of the middle
lower crust and uppermost mantle was then c;trricd out using
2-D forward ray tracing. The travel times .’rod amplitudes of all
of these seismic phases have been calculated using the pro-
grams "MacRay" [Luetgert, 1992] and "SEIS-8Y’ [Cen,eny et
al., 1977; Ce~,eny and Psencik, 1984]. Synthetic seismograms
have been calculated using the asymptotic ray theory [Cetveny
and Psencik, 1984].

In the finite difference travel time method, travel times ;ire
extrapolated outward from the source region to each point in
the model [Vidale, 1988, 1990]. We used an inversion method
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to the section to the south. Intracrustal reflections, labeled P~ and P2, arc clear only on the data to south
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km/s. The intracrustal reflection Pz is well recorded at distances around 140 km. The refraction from tu
uppermost mantle, Pn, is not visible in these data.

capable of imaging media containing strong velocity variations
[Amn,on and Vidale, 1993; Hole, 1992]. The inversion model
was parameterized using 4-kin cells. To maintain accuracy, a
uniform I km square grid was used for the travel time calcu-
lation. A total of 479 P.q arrival times were used in the inver-
sion. The final velocity model (Figure 7a) was obtained after 
iterations. The RMS travel time residual decreased from 0.35
to 0.10 s for the model. There is no significant difference
between the models obtained after 5 and 10 iterations. The
resolution of the inversion was assessed by summing the num-
ber of rays traveling through each cell (Figure 7b). ’[’he central
part of the profile (between 90 and 7.70 kin) was covered 
more than 25 rays. The rays in the area between 100 and 200
km on Figure 7b do not penetrate below a depth of ~5 km due
to the presence of a high-velocity zone. Velocities at depths <5
km are well resolved, especially in the central part of the
profile. The most prominent feature is a high-velocity (6.3
kin/s) zone beneath shotpoint ZhZ, in tile middle of the UHP
zone. We discass this feature below.

The crustal structure below ~10 km was determined from
the wide-angle reflections. As discussed earlier, phase P~ has a

high amplitude on tile record section of ZhZ-soutb. The dif-
ference of travel time between P~ and Pg at distances of 20
and 70 km are 0.75 and 0.3 s, ,’espectively. The calculation of
synthetic seismograms indicates that a higher velocity layer (6.4
kin/s) beneath an interface at a depth of ~7 km provides 
good match to the Pg/P~ amplitude ratio. The high-velocity
(6.4 kin/s) layer is modeled as a thin layer in order to fit the
travel times of later arriving phase, (i.e., 1’2, P~, ProP) and
because a thicker layer at shallow depth would cause an un-
reasonably large gravity anomaly.

Figure 8 shows the comparison between observed and cal-
ettlated travel time data and between observed and syntht~tic
seismograms from shot point BuT. The observed and calcu-
lated travel times and amplitudes are in reasonable agreement.
The greater complexity of Ihe observed wave field compared with
the synfl~etie wave field indicates that file erttst does not contain
continuous, smooth specular reflectors, as was mentioned earlier.
Sealtering in the crust may also contribute to the amplitude
misfits between the calculated and observed intracrustal phases.

The 2-D crustal velocity structure across the Dabie Shan is
shown in Figure 9a. The contoured velocity wdues are the
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obseivations, together with the reversing profile froth shotpoint ZhM-south, and provide strong constraints on
the average crustal velocity, crustal thickness and uppermost mantle velocity.

resttlt of interative forward modeling of seismic travel times of
phases arriving after 1’~/. The location of seismic control on the
depth of the crustal boundaries is indicated by heavy solid
lines. The Moho discontinnity is ~6 km deeper beneath the
Xiaotian fault than beneath the Sine-Korean and Yangtze
eratons, where an offset of ~3.5 km appears to exist. The
Moho offset was inferred from (1) a travel time difference 
1.0 s for the Prop refleetioa as recorded from shot points GuT
and BuT, eveu though the distance between the two shot
points is only 40 km (Figures 3 and 4); (2) Prop arrivals from
shot point GuT-sonth, which are very dear from 90 to 145 km
and are abruptly interrupted at the distance of ~/L45 km (Fig-
ure 3); ;uld (3) the clear travel time difference of 1.0 s for Prop
from BuT-norlh versus BuT-south (Figure 4).

7. S Wave Velocity and Poisson’s Ratio
The horizontal components of the seismic records were used

to dclermine the shear wave velocity structure beneath the
Dabie Shah. The phases Sg and SInS appear clearly on the
record sections of most shot points (e.g., ErL in Figure 10).

However, the uppermost mantle phase Sn can not be identi-
tied on the record sections. In addition, the converted wave
Pros reflected from the Moho can be recognized on the
records of BuT and JnG. The S wave velocity model was
obtained using two-dimensional ray tracing, as for the P wave
model. S wave velocities and Poisson’s ratio within the crust
are shown in Figuro 9b. Fourteen out of fifteen values of
Poisson’s ratio are in lbe range 0.23-0.27 (one valne is 0.29).
Because the S wave phases reflected on the intraerustal inter-
faces are generally more difficult to identify than P wave re-
flections, the S wave velocities in the miderust have larger
uueertainties. However, the very clear Prop and SInS reflec-
tions provide very good constraints on the lwer;tge whole
crustal Poisson’s ratio (0.25-0.26; Figure 9b). The fact that the
many record sections contain both dear Pit and SInS phases,
but lack the phase St,, may indicate a negative S wlwe velocity
gradient in the uppermost mantle.

Our seismic model indicates that Poisson’s ratio, which is an
indicator of crustal composition [e.g., Holbrook et al., 1992;
Christ,,nsen, 1996] varies with depth from 0.23-0.26 in Ihc
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Figure 7. Upper cn~stal velocity structure (a) Model with velocity isolines (kin/s) derived from finite
difference travel time inversion. The high-velocity zone (6.3 kin/s) correlates with the antiformal core of the
uppermost crust of the oregon where ultrahigh-pressure reeks occur. (b) Number of rays traveling through
each cell. The central part of the profile (between 80 and 280 kin) was covered by sufficient rays and the
inverted velocities at depths are reliable. The rays in lhe interval between 100 and 200 km do not penetrate
below the depth of ~5 km duo to the high velocity zone (6.3 km/s).

upper crust to 0.26-0.29 in the lower crust. Estimated
uncertainties are 0.02-0.03. The composition of the crust of east-
ern China, including the area of the Dabie Shan oregon, has
previously beeu discussed by Gao et al. [1998I, Li and Mooney
[1998], and Kern et aL [1998]. The combined compressional and
shear wave model (Figure 9) is consistent with these previous
models for an upper crustal composition of felsic metasedimen-
taly and granitic rocks, a middle crust of intermediate (dioritic)
composition, and a lower crustal composition of intermediate-
to-marie rocks in the amphibolite to granulite metamorphic
facies. There is uo seismic evidence for a volumetrically
signilicant amount of high-velocity eclogite within the deeper
crust, despite the fact that eelogite is locally exposed within the
Dabie Shah [Kem et al., 1998].

8. Discussion
Despite significant collisionai convergence in the Mesozoic

¯ "rod the presence of surlieial ultrahigh-pressure rocks, only a
modest crustal root presently exists beneath the Dabie Shah.
The crust thickens from 35 km beneath the Yangtze eraton to
41.5 km at the northern margiu of the Dabie Shah and thins to
34 km beneath the Sine-Korean craton. The average velocities
of the crust beneath the Yangtze eratou, the Dabie Shan, and
the Sine-Korean craton are 6.35, 6.30, and 6.25 kin/s, respec-
tively. Both the Yangtze craton and the Sine-Korean eraton
have a three-layer crustal structure with velocities of 6.0-6.2,
6.5, and 6.8 km/s. A high-velocity (7.0-7.4 kin/s) lower crust,
which is common beneath platforms and shields [ltolbrook et

al., 1992; Rudnick and Fountah~, 1995; Christensen and Moono,,
1995], is uot present. The seismic velocity beueath the Mobo is
a typical continental value of 8.0 :t: 0. I km/s. Dong et al. [1996]
used a portion of these same seismic refraction data to get a
preliminary crustal model that differs in several important de-
tails from our paper. For example, their model has no upl~er
crustal high-velocity (6.3 km/s) zone beneath the UHP belt
(Figure 7), and no Moho offset beneath the Xinyang-Shucheng
fault (Figure 9). Our model contains more details than that 
Dong etal. [1996] because we have modeled the complete data
set with a combination of finite difference travel time ;rod 2-D
ray trace methods.

The struetnre of eastern China, including the Dabie Shah, is
comparable to highly extended crust, which has an average
thickness of 30.5 + 5.3 km and average crustal velocity of
6.21 - 0.22 km/s [Li and Mooney, 1998; CI, ristet,sen and
Mooney, 1995; Rudnick and Fountain, 1995]. Recent global
seismic tomographie inversions iudicate that the lithosphere is
significantly thinner bcnealh eastern China than benealh the
Siberian eraton, Canadian shield, or Baltic shield [Ekstri~m et
al., 1997]. These observations indicate that the lithosphere has
been thinned in eastern China, including beneath the Dabie
Shau, and that the crust has undergone moderate extension.
This interpretation is supported by high heat flow (58-87 roW/
m~) and quantitative modeling that suggests a lithospherie
thermal thickness of <100 km [Yuan, 1996]. Taking these ob-
servations further, Gao etal. [1998] and Kern et al. [1998]
speculate that a marie (eclogitic) lower crust in eastern China,
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points. The quality of lhe S wave data in this record section is typical of the other shots recorded in this study.

including the Dabie Shah, was delaminated and recycled into
the upper mautle during Cenozoic crustal extension.

We have combined our seismic model and the geological
interpretation of Hacker et aL [1998] in a speculative crustal
cross section of the Dabie Shun (Figure 9el. Referring to the
numbered struetur,’tl elements in Figure 9c, the active Tau-Lu
Emit (1) is an east dipping normal fault with a clear seismic
signature defined by higher velocities in its footwall. As noted
earlier, the conventional interpretation of the Tan-Lu fault is
that it began as a Triassic sinistral strike-slip fault [e.g., Yin and
Nie, 1993]; steep velocity gradients (2) east of the interpreted
position of the modern Tan-I,u fault may reflect this older
struetttre. Oblique normal faults that bound the Yangtze River
SE of the Dabie Shah (3) can also be correlated with velocity
gradients. An active sinistral strike-slip fault near the northern
topographic limit or’ the Dabie Shah, the Xinyang-Shucheng
fault (4), has no dear seismic signature within the crust; how-
ever, we speculate that it is responsible for the obsewed Moho
offset (5). The seismic velocity structure south of the Dabie
Shah may reflect eontr;tclional deformation associated with the
fold-thrust belt (6). Likewise, we interpret the seismic velocity
structure beneath the northern Ilefei basin as reflecting thrust-
ing in the hanging wall of the Sine-Korean crust, with middle
crustal reeks (8) over supracrustal reeks (7). More specula-
tively, we tie the bomoelinal south dippiug foliation and south
plunging lineation within the high- to ultrahigh-pressure sec-
tion exposed in the southern Gable Shah [Hacker et al., 1995b]
to the northward increasing velocity gradient at (9). ltacker et
al. [1998] described the pre-Cretaceous structure of the Dabie
Shan as a crustal-scale antiform formed by warping of the high-
to ultrahigh-pressure slab drawn southward out from beneath
the Sine-Korean craton. We postulate that northward increas-
ing velocity gradients at (10) ;rod soulbward increasing velocity
gradients at (11) are part of this antiform, which uplifts reeks
with miderustal velocities into the upper crust. This leads fur-
ther to the implication that the suture between the two cratons
is north of this antiform (not at the Moho offset), and 
speculatively show it at location (12), dipping north beneath
the trace of the isotopically defined crustal suture [Hacker a
al., 1998]. Cretaceous normal faults that bound the southern
(13) and northern (14) edges of the northern Dabie 
magmatie-extensional complex have no clear seismic signature.

9. Conclusions

The crustal structure of the Dabie Shau has been deter-
mined from a new deep seismic refraction profile. In the shal-
low crust beneath the exposed ultrahigh pressure (UHP) rocks,
there is a broad (50 km wide) high-velocity (6.2-6.3 kin/s) 
centered at a depth of 4-5 km and a thin (I km thick) high-
velocity (6.4 kin/s) layer at a depth of 8 kin. Below 9 kin, the
middle and lower crust beneath the UHP zone are very similar
to the crust to the north and south (i.e., beneath the Sine-
Korean and Yangtze eratons, respectively). This suggests that
UHP rocks are primarily concentrated in the upper crust
(above 9 km depth) of the orogen. Our seismic model indicates
that eeolgite is not volumetrically significant wilhin the middle
or lower crust.

’[’here is only a modest (6.5 km deep) crustal root beneath
the Dabie Shah. The thickness of the crust ranges from ~35
km beneath the Yangtze and Sine-Korean cratous to a maxi-
mum of 4;I.5 km ;it the uorthern margin of the Dabie Shan.
The small variation in depth to the Moho along this 400-kin-
long profile indicates that the crust involved in the Triassic
collision has undergone postcollisional thinning. This has been
accomplished by a combination of isostatie uplift, erosion, and
moderate crustal extension. An observed Moho offset is likely
due to an active strike-slip fault. Much of the Triassic slructure
associated with the formation of the oregon and UHP rocks
has been obscured by post-Triassic events. However, the
crustal velocity structure determined for this profile is compat-
ible with a north dipping suture located north of the Dahie
Sh,’tn (Figure 9el and an ;mtiformal cuhnination of UHP rocks
in the center of the Dabie Shau (Figure 7).
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Crustal Structure Beneath Xingtai Earthquake Area in the North
China and its tectonic implication

Abstract Xingtai earthquakes of 1966 occurred in the central region of North China basin. To obtain

detail crustal structure and then understand the seismotectonics of Xingtai earthquakes, three deep seismic

reflection profiles were conducted in Xingtai earthquakes area in recent years. The CDP stacking sections

show the basin and range structure in the shallow crust, a large-scale detachment in middle crust. In

addition, a high-angle fault in mid-lower crust is inferred according to the discontinuity and inclination of

the reflection events on the sections. The moderate-low angle normal fault in shallow crust, the high-

angle fault in mid-lower crust, and the detachment in middle crust have formed a spatial distribution of

the faults in Xingtai earthquake area. The junction of the three faults is beneficial to the stress

concentration and energy, accumulation. The Xingtai earthquakes occurred on this kind of the background

in crust. The high-angle fault in mid-lower crust may be the seismogenic fault of the Xingtai earthquakes.

The regional compressive tectonic stress in near EW direction and the additional stress produced by the

upwelling of magma had jointly acted on the fault to cause the occurrence of the Xingtai earthquakes.

1. Introduction

In March of 1966, five strong earthquakes (Xingtai earthquakes) with magnitude M>6.0

occurred in the Shulu graben, a small narrow basin with a length of 100 km and a width of 50km in the

west-central region of the North China basin (Figs. 1,2). And during the period of 1966-1984, there are

over 68,800 earthquakes in this and surrounding regions. Fig. 3 indicates the locations of the em’thquakes

with M>2.8. Man)’ seismological studies have been conducted since 1966 in the Xingtai earthquake area

attempting to understand the seismicity, earthquake source, ground deformation, geologic setting, crustal

structure, earthquake hazards and prediction of earthquake in this area.

Th,~ scismotectonics of the Xingtai earthquakes, however, is still not clear. For example, the focal

mechanisms of the first shock (Ms=6.8) and the main shock (Ms--7.2) are nearly vertical dextral strike-

slip (Seismological Bureau of Hebei province, China, 1986), while the epicenters of the earthquakes are
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close to a major normal fault in the Shulu graben. After the Xingtai earthquakes, there are the Hcjian

earthquake (Ms=6.3) in 1968, the Bohai earthquake (Ms=7.4) in 1970, the I-laicheng earthquake

(Ms=7.3) in 1975, and the Tangshan earthquake (Ms=7.8) in 1976 sequentially in the North China basin.

It is necessary to obtain a detail crustal structure in order to understand the seismotcctonics in these

are~is.

Several deep seismic sounding (DSS) profiles were carded out in North China basin from late 

1960°s to 1980’s (see sun etal., 1986) for the sake of understanding the relation of the crustal structure 

the strong earthquakes. The basic outline and some parameters (thickness and average velocity) of the

crust were obtained. However, the lower resolution of the DSS profiles to crust prevents the further

investigation. Three deep seismic reflection profiles with a total length of about 150 km were conducted

in Xingtai earthquakes area in recent years. The interpretation of the refloction profiles is based upon the

common depth point (CDP) stack technique. The standard data processing procedure of seismic reflection

profile is used. A detail imaging of the crustal structure in the Xingtai earthquake area is obtained.

2. Geologic setting and previous geophysical survey

North China basin, a large-scale Cenozoic rifted basin, is situated in the cast of the Sino-Korean

platform, and is adjacent to the Taihangshan uplift westerly, to the Yanshan uplift northerly, to the Luxi

uplift southeasterly, and to the Bohai sea easterly. It was a stable continental block before Mesozoic and

underwent sovcral significant phases of faulting and subsiding in Mesozoic and Cenozoic (Ye etaI., 1985;

Hcllinger ctal., 1985). A serics of NNE.NEE faults and some of NWW faults interweave and cut the

basin into block structure. The Jizhong dcpression, the Canxian uplift, the Huanghua depression, the

Chcnning uplift and the Jiyang depression arc consecutively distributed from the west to east in thc

ccntral North China basin (Fig.l). Each largc-sealc depression is generally composed of grabcns and

horsts. The Southern part of the ~izhong depression, where most of earthquakes are located in, consists

of thc ~inxian grabcn, the Ningjin horst, the Shuhi graben, the Xinhc horst and the Nangong grabcn (Fig.

2).

The first DSS profile in North China basin was conducted in the late of 1960’s (Fig.l, Profile a),

which extends from the Yuanshi (close to the Taihangshan uplii~) to 3inan (close to the Luxi uplift) 

passes through the cpiccntcr of the main shock of Xingtai earthquakes. Teng et al. (1974) suggested that

thc structure along the profile is divided into five blocks by several deep faults extending to Moho, the

lower crust is more complicated according to the several soismic phases of thc lower crust, and a thin high

velocity layer is possibly in the middle crust. After that, several DSS profiles were carried out in North

China basin. The basic features of the crustal structure in Xingtai earthquake area and its surrounding

(Sun ct al., 1986; Zhu ctaI., 1995) arc the three-layer crustal model, the lower average cruslal vclocily



(6.2-6.3km/s), the thinned crust (30-33km) and the uplifted Moho. Due to the sparse shot points and 

number of fold coverages along the seismic profile, the colle~ed data are not sufficient to image the detail

crustal structure beneath the Xingtal ea~quake area, however.

3. Profile framework

To understand the seismotectonics, obtaining a detail crustal structure beneath the Xingtai

earthquake areas is needed. Three deep seismic reflection profiles were successively conducted in Xingtal

earthquake area in 1991 and 1992. The locations of these profiles are in Fig. 2. Where profile A, the

Ningjin-Xinhc profile, is with a length of 40 kin; profiIe B, the Lincheng-Julu profile, is 55 km long;

and profile C, the Renxian-Ningjin profile, is also 55 kin.. Profiles A and B pass through the epicenters

of the first and main shocks respeetively, and Profile C intersects the other two profiles at the first and

main earthquake epicenters. These reflection profiles are coincident with three previous DSS profiles,

the Yuanski-Jinan profile (Teng ct al. 1974), the Tai’an-Longyao-Xinzhou profile (Zhu et al., 1995, Fig.

1, profile b), and the Renxian-Hejian-Wuqing profile (Sun et al., 1986, Fig. 1, profile c). The coincident

scheme can obtain more reliable crustal model beneficial from both reflection and DSS profiles (Mooned"

and Brocher, 1987).

The observation scheme is an one-side spread and 24-fold coverage using a 96-channel MDS-10

digital seismograph. The geophone group interval is 100 m with a minimum offset of 1000m. The record

time is 20s with a sample interval 4ms. The seismic sources are explosive shots below a depth of 25 m in

holes, which makes explosion under the ground water l~cl and keeps good excitation condition on the

field site.

We have used the standard data processing procedure of seismic reflection profile, which

includes the demultiplex, field static correction, pre-processing, deconvolution, velocity analysis, residual

static correction, normal (or dip) moveout and migration. The optimal veIociB,-depth function is generally

chosen from a series of stacking velocily in the module of velocity analysis. However, the reliable velocity

estimate is only for upper crust (i.e. the two-way travel time (TWT) <4.0s). The deep velocity estimate 

provided by the crustal velocily structures from the three DSS profiles. The interpretation was based on

the CDP stacking sections and was partly referred to the migrated sections.

4. Crustal Structure

Figs. 4.5, and 6 are the CDP stacking sections of profiles A, B, and C, respectively. These

sections indicate that the shallow crust is a typical extension, a result consistent with the seismic reflection
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studies of the oil exploration in this area (Xu et al. 1985). The graben and horst structure, as3~Lrne~c

faulted basin, and listric normal fault arc developed in the shallow crust, and laminas in crust-mantle

transition(Figs. 4 and 5). The Xinhe fault, the w~in fault of the Shulu graben, exten& in listric shape 

below 4.0 s TWT (Fig. 6), where the metamorphic rocks are developed in Paleezoic, and also in early and

middle Proterozoic. It controls the stratum distribution in Mesozoic and Eogene, and exlends upward to

Neogene and Quaternary.

The Moho reflection events clearly appear f~om 10-11.5 s TWT on these three profiles suggesting

a feature of high-energy, well-continult¢, multi-cycle and long-duration. These reflections are related to
,̄ ¢~-~. ̄

the crust-mantle transition. The cli~’~t ouration time among these three profiles (Figs. 4,5 and 6)

suggests that the transition is lateral inhomogeneous. Some of reflection events are even too weak to be

continuous on the profile B. The depth at the bottom of the transition is 30-32.5km from the time-depth

conversion, which is consistent with the depth of Moho from the DSS profiles. In addition, the reflection

events in the section of 13.5-14s TwT may indicate that local discontinnity exists in the uppermost mantle

beneath the Shulu graben.

A set of low-angle reflection events with long continuity and strong energy are illustrated from

2.5-4.5s TWT in the profiles A and B. The stretch length is about 40kin and it cannot be caused by

sedimentary bedding because the sedimentation reflection is shorter. We interpret them as a detachment,

which was developed in the crystalline basement and was inclined eastwards from a depth of 5kin at the

west to 10 km deep at the eastern part along the profile. The strong ret]ection events may be due to a

mylonite zone in mid-crust. There is no strong acoustic impedance at the depth (2hu et al., 1995). 

general, the strong reflection is difiScult to be generated. Based on the laboratory results (Jones and Nur,

1983), the reflection can be observed on the mylonite zone due to its strong anisotropy even though there

are no large contrasts in velocity and density. According to the stretching tendency, we suggest that the

detachment outcrop 10-15 km to the western end of the profile B, which is confirmed recently by the field

geological survey (Ma et al., 1995). This detachment is connected to a shear zone in the Taihangshan

piedmont fault belt. Several major boundaD, faults in shallow part of the Jizhong depression converge to

the detachment in listric shape (Ma et al., 1995).

Based on the continuity, energy duration, and inclination of reflection events in mid-lower crust

and Moho transition along profiles A and B, and referring the amplitude variation of the wide-angle

reflection on Moho (Zhu et al., 1995), we infer that a vertical boundary from the depth of the detachment

down to Moho transition exists on the sections (Figs. 4,5), whioh respectively passes through the

epicenters of the first and main shocks, and it may be related to a high-angle fault. Fig. 7a shows a

projection of the.’ earthquake h.~venters (M > 2.8) on the profile A with a width of 25 km. Most of the

hypocenters’with M>5.0 are lain in a vertical belt of about I0 km wide (around Dongwang in Fig. 7a). 

seems to be a high-angle earthquake fault in the ernst. The existence of the high-angle fault is consislent



with the focal mechanism of the first and main shocks (S~ismological Bureau of Hebei province, China,

¯ 1986). Consequently, it may be related to the sequential occurrence of the Xingtal earthquakes.

Figs. 4,5 and 6 indicate that many reflection events in the mid-lower crust are characterized as

lamination along profiles, and are strongly deformed. This may imply a possible upwelling of mantle

material. The intrusion of magma will generate additional extension stress in the upper crust and heats

up the lower crust simultaneously. This will decrease the viscosity and results in dehydration in the lower

crust. Then, the dehydrated water goes upward and deposits in the middle crust. The extension stress, the

compound effects of heat and water will impel a detachment formation. This feature is similar to the

two-layer rheologic model (Sibson, 1982). In fact, the detachment is a transition with certain range. The

strong earthquakes generally occur in this zone. Fig. 7b is similar to Fig. 7a, except that the projection is

on the Profile C. The standard error of the earthquake locations is less than 5 kin. Note that 85% of

earthquakes with M>5.0 are at depths of 10 km and 20 kin, and few of earthquakes are below 25 km in

depth.. Conservatively speaking, the transition zone is between depths of 10 and 25kin.

Profile C lies in the Shulu graben and parallels almosfly to X.in_he fault. The section within 0-4s

TWT (Fig. 6) shows fl~t the Shulu graben may be divided into three parts by a set of NW-trending faults.

These shallow faults extend to the top of crystalline basement with a lower angle. Many reflection events

with lamination and deformation appear on the section of 4-10s TWT, which extend upward from the

bottom of the crust, The arched events at about 4.0 s TWT are related to the detachment on profiles A and

B.

The reflections below’ the arcuatc events crossing each other (Fig. 6, 4-7 s TWT) are called 

crocodiles (Meissner et al. 1992). After doing the migration process on the data processing procedure, the

arcuatc and crocodiles events still exist on profiles C. It infers that there is really a special structure in the

middle crust. The crocodiles indicate the shorten process of the crust in compressed zone. This feature

exists in the Basin and Range province in the western United States, and is interpreted as a product of the

compression before the extension (Klemperer et al.,1986) . If it was the way for the Xingtai earthquakes

area, there would be a compression before the formation of the North China basin.

Based on the imagings of three reflection profiles and referring the velocity structure from Tent

et al. (1974), Zhu et al. (1995), and Sun et al. (1986), the three-dimensional sketch of the crustal

structure in the Xing~ai earthquake area is presented in Fig. 8. There are two grabens with moderate-low

angle normal faults and dense reflection events and a horst with few reflection events in upper crust and

a high-angle fault in mid-lower crust. A long stretch of detachment is in the middle crust~ and a low

velocity zone is beneath the detachment. The junction of the three faults is beneficial to the stress

concentration and energy accumulation (Song et at., 1993). There are laminations in the mid-lower crust,

which indicate the upwelling from the mantle. The upper plate above the detachment slipped eastwards

duc to the efi‘ect of extension and gravity in Cenozoic.



5. Discussion and Conclusion

The deep seismic reflection profiles conducted in X/ngta/ earthquake area show more clear

crustal images than that produced before. This is attributed to the data with high signal-noise rote (due to

the field conduction in winter) and the multi-stack scheme, although the number of fold coverage on the

profiles is not very high. The site conditions are ideal and keep good ground coupling for the geophones.

The crustal structure from the reflection profiles is basically consistent with that from the coincident the

DSS profiles, in which the complicated lower crust, the lower average crustal velocity (6.2-6.3kin/s), the

thinned crust (30-33km) and the uplifted Moho characterize the Xingtai earthquake area.

The inconsistency of the seismotoctonics between the focal mechanism and the field geological

survey may attribute to the discrepancy of the different geological events in the time and space domains.

The discrepancy in the space domain is mentioned in this paper. As for the discrepancy in the time

domain, since the neotectonic movement of North China plain, the sedimentary tectonics and the stress

pattern has been changed considerably. A trending-EW seismic reflection profile of oil exploration, which

passes through the Xingtai earthquake area and reaches the Taihangshan piedmont, indicates that a thrust

fault inclines east~’ards and cuts in the Quaternary stratum and its frontier has been strongly deformed.

(G.D. Liu, 1995, private communication). The average P and T axes of tectonic stress field in North

China is nearly horizontal, trending NEE.SWW and N’NW-SSE, respectively (’Xu et al., 1992). These

implicate that the Xing~ai earthquake area has undergone regional compression trending near EW at the

present time. Consequently, the Xingtai earthquakes occurred under the environment of the crustal

structure beneficial to the stress concentration and energy accumulation..

Based on these deep seismic reflection profiles, and combining with results of other geophysical

survey, we got the following points about the seismotectonics of Xingtai earthquake area:

1. The moderate-low angle normal fault in upper crust, the high-angle fault in mid-losver crust,

and the detachment in middle crust had formed a spatial distribution of the faults in Xingtai earthquake

area. The detachment may play an important role in the tectonics of Cenozoic extension in North China

basin. The junction of the three faults is beneficial to the stress concentration and energy accumulation.

2. The high-angle fault in mid-lower crust can be thought as a seismogenic fault of the Xingtai

earthquakes. This fault may exist before the Cenozoic extension, and is reactivated recently. The shear

stress acts on the fault to cause dextral slip.

3. The modern regional tectonic stress field and the additional stress field produced by th~

intrusion of magma had.jointly acted on the fault to cause the occurrence of the Xingtai earthquakes. The

major action is ~he regional tectonic stress.
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Figure captions:

Fig. 1 Rcgional geologic sc~ng and location of seismic profiles. 1) coastline; 2) boundary of North China

basin; 3) buried uplifted blocks; 4) Quaternary subsidence zone; 5) deep reflection profile (solid line) 

wide-angic refleetion/refraction profile (dashed line), where Ma" is the Yuanshi-~Iinan profile (Teng et 

1974), "b" is the Tai’an-Longyao-Xinzhou profile (Zhu et al., 1995), and Me" is the Renxian-Hejian-

Wuqing profile (Sun et al., 1986).

Fig. 2 Geologic setting of the Xingtai earthquakes area and location of three deep reflection profiles. "A"

is the Ningjin-Xinhe profile; "B" is the Lincheng-Julu profile; ~C" is the Renxian-Ningjin profile. Thc

focal mechanism of the first shock (Ms=6.8) and the main shock (Ms=7.2) are also shown.

Fig. 3 Epicenter location of Xingtai earthquakes with M>2.8, where the data of epicenter location arc

referred from the Seismological Bureau of Hebei Province (1986).

Fig. 4 Data processing section of profile A with line drawing. (a) CDP stacking section; (b) line drawing.

The dashed line is the inferred high-angle fault, two circles denote the loci of main shock (Ms=7.2) and

another strong shock (Ms=6.7).



Fig. 5 Data processing section of profile B with line drawing. (a) CDP stacking section; (b) line drawing.

"AM is detachment; dashed line is the inferred high-angle fault; and circle is the focus of first shock

Fig. 6 Data processing section of profile C with line drawing. (a) CDP slacking section; (b) line drawing.

Two circles denote the loci of ftrst shock 0Via---6.8) and main shock (Ms=?.2); M is~cuate even~, "BMis

crocodile event.

Fig. 7(a) Hypocentral location of the Xingtai earthquakes with M>2.8 along profile A. Locations of Nin.jin

and Dongwang are shown in Fig.2.

Fig. 7(b) Hypocentral location of the Xingtai earthquakes with M>2.8 along profile C. Locations 

Dongwang and Niu.jiaqiao are shown in Fig.2.

Fig. 8 Three-dimensional sketch of the crustal structure in the Xingtai earthquake area, where MAM is the

detachment, ~M" is the Moho discontinuity, and 1: reflection events, 2: low velocity zone, 3: Magma

intrusion area, 4: inferred fault.
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Chapter 1 Introduction

The Golmud-Ejin geoscience transect interdisciplina~" research is a key project supported
jointly by the Ministry of Geology and Mineral Resources (MGMR) of China and the National

Natural Science Foundation of China (NNSFC). It is the second gcoscience transect compiled
xxith financial support of the MGMR and NNSFC following the completion of the Yadong-

Golmud geoscience transect. The main purpose of the transect is to study the structure and
formation mechanism of the crust and lithosphere of the transect corridor and its neighboring

areas, to study the kinematic process and dynamic mechanism of the formation and deformation
of the continental lithosphere, to probe into the formation of the northern boundary of the

Qinglmi--’l’ibet plateau and its dynamic relation with the collision of the Indian and Eurasian
plates, and to ascertain the deep-seated tectonic background of the distribution of mineral

resources and the occurrence of natural hazards in the study region.

I..!pon completion this transect will be linked with the early-completed Yadong-Gohnud

transect to form a long geoscience transect rtmning from south to nor~l~ across tl~e western

cot~tinent of China. which will successively displays the entire structure of lhe continental
lithosphere fiom the Qinghai-Tibet plateau to the Beishan Mountains in a completely new form

a~¢l make it possible to study the uplift mechanism of the Qinghai-Tibet plateau and the deep-

seated geological background influencing the distribution of mineral resources and natural
hazards fi’om an analysis of the formation of the continenlal lithosphere and the kinematic and

dynamic process of deformation. Therefore this long geoscience transect is bound to become a
typical transect of the continental lithosphere i~ western China or Asia and even the world.

"[’l~ere are Ibur items under the Project: geology, geophysics, geochemistry and

comprehensive research. In 1992 the Project was approved by the Department of Science and

lcchnology (DSF) of the MG.~.’IR :rod then the research beg~uL "ll~e respo~isible ocga;fiz:~,tions

the Lithosphere Research Centre (I.,RC) of the Chinese Academy of Geological Sciences (CAGS)

and the Institute of Geology (IG) of the MGMR. The main .participating organizations (which
refer to the organizations responsible for various special subjects under the Project) include the

562 Comprehensive Research Team of the CAGS, China University of Geosciences (l~eijing).
Cha~gchun College of Geology. Institute of Geology, Acad,~mia Sinica and Chcngdu College of

Geolog). In addition, the Institute of Geology, Bureau of Geology and Mineral Resources of
Gansu province took part in the work of the Tectonics Group, the Second Geophysical

Prospecting Party of the MGMR took part, in the field work of deep seismic sounding and the

I~stitute of Geophysics of the Academia Sinica took part in the indoor processing of deep seismic

data. il~e main participants totaled abou! ,10. most of whom were professor researchers and
:~ssociate professor researchers.

Through four years of coordinated efforts, we completed the field surveys a~ad laboralory
work. On the basis o,ethe first items of work and the comprehensive research or" the last item, we

accomplislaed the compilation of the transect and its expla~atov.v notes, studied the terrane



division, features of major faults and tectonic evolution in the transect corlidor, made geophysical

interpretations and geodynamic analysis and studied the existing problems.
The maps of the transect were compiled by the following relevant special subject groups.

Index Maps: Yao Peiyi
Geological Strip Map: Chen Bingwei and Wang Yanbin

Gravity Strip Map: Meng Lingshun, Gao Rui and Guan Ye

Magnetic Strip Map: Yu Qinfan and Lou Hai

5-10 km Factual Cross Section: Liu Xun and Chen Bingwei

Geophysical Interpretations: Gao Ruiet al.
Interpretative Cross Section: Liu Xun, Gao Rui and Deng Jinfu

Time-Space Flow Chart: Liu Xhn and Wei Guangming

Map of Block Migration: Dong Xuebing
Dynamic Model: Gao Rui and Wu Gongjian

Legends: Liu Xun and Yao Peiyi

"]’he explanatory notes were written by Liu Xun and Gao Rui, the explanations of relevanl

maps were provided by the related groups of special subjects and the p~’efacc and conclt~ding
remarks were written by Wu Gongjian and Wang Naiwen.

We are grateful to the leaders and persons in charge of the MGMFL Department of Science
and Technology and the ]xrNSFC Geoscience Division for their direction during the research..



2.5. Geophysical Interpretations
This map represents parameters of major physical proper’lies in detail, to give a

comprehensive interpretation of lithospheric structures in the Golmud-Ejin geoscience transect

~md describes the downward extension, assemblage and system of the major tectonic elements
such as I~tults on terrane boundaries. The detailed description w~ll be found in Chapter 4.

The Moho depth along the whole transect was determined by deep seismic sounding and

checked b3 inverse interpretation of gravity profiles. To make the map seen distinctly, data arrays
are used to represent intert~ces and velocity structures of the crust and 2-D variation curves of the

velocity are illustrated as an insert map in Chapter 4.

The electrical structure of the transect was clarified based on the inverse results of MT and

sh,~ b~ a columnar diagram of electrical resistivity vs. depth with the resistivity values (unit:
[~-m) printed nearby. The two-dimensional method was used to interpret lateral variation of the

electrical structure and the result is shown in this booklet.

Characteristics of the lithospheric geotemperature field of the major terranes were inferred in

terms of measured gcotemperature curves and expressed by temperature.’depth curves. Two-

dimensional variation of the geotemperature field determined by one-dimensio~a! resuhs is shown

II



in Fig.4-2.
To reduce the map’s burden, the density structure is not shown in the map but discussed in

Chapter 4 inslead.

2.6. Interpretative Cross Section

This ,nap represents the ultimate result of this research project on the basis of integrated
analyses combining geological, geophysical and geochemical data acquired in the course of the

research work. The compiled section map summarizes the knowledge of the material co,nposition,

structure and evolution of the crust in this transecl. The materials and data used Ibr the map
compilation were mainly taken from the following work.

(1) Surface geological investig.ation
This investigation presented ideas concerning surficial structures of the crust by means of the

5-10 km geological section. It was conducted through comprehensive analyses on slratigraphy,
biotas, sedimentary formations, magmatism, melamorphism and lectonic deformation of differenl

tectonic units and terranes at surface. This work describes lhe componenlS, x’ertic~d and horizontal
variations of the deep or shallow struclures shown in the map.

t,2) Geophysical investigation
Integrated analyses of gravily, magnetic, electrical, seismic, geothermal data and surface

waves were done and the map of geophysical interpretations was compiled, which provides a
basic fi’ame for interpreting the structure of the deep crust by using this transect. Inconsideration

of the ambiguity of geophysical data interpretations, more geological data should be taken

advanlage of in order to give more realistic results.
(3) Geochemical investigalion
Analyses were carried out for the composition and metamorphic state of the deep crust

(primarily lhe middle and lower crust) based on typhonic rocks and deep inclusions observed 

surface and experimental results of temperatures and pressures for the formation of deep malerials
along with such data as densily, velocity and lemperature provided by above geophysical fields.

This map mainly shows material compositions, while various symbols denoting metamorphic
processes are overprinted to illustrale lheir spatial distributions and varialions :rod the relationship

with tcclonic evolution.
A distinctive feature presented in the map is the apparent vertical and horizontal

inhomogencity of the crustal composition and structure in all zones Iraversed by the transect.

Vertically, layering of the crust is exhibited; horizontally, different crustal s~ructt, res are seen from

segment to segment of this transect not only in layering and thickness, but also in material

composition.
It can be seen in the upper crustal struclure lhat the five asccrt~ained terranes are markedly

distinctive in their slruclures, indicating that these terranes have different evolution histories. This

will bc discussed in detail later. The map also shows ~.hat the tectonic events occurred in the upper

crust have an evident orienlational nature. On the whole, lhe Beishan area north of lhe I-text
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Corridor basin is characterized chiefly by large-scale napping and detachment fiom north to south;

while the Kunlun area south of Qaidam mainly by detachment and napping fi’om south to north.

The Qilian Mountains ar~ ]Qcated between them and thus characterized by southward and

northward napping with the south-central Qilian area as the core (the [ront oF the northward

napping even reaches the Kuantanshan fault). As a result, a set of nappe systems were formed in

the upper crust alon,g the whole transect with Qaidam and the Dunhuang block in the north Ilexi

Corridor as the core and there also occurred a series of related strike-slip faults. It should be

pointed out, of course, that all these phenomena resulted mainly flom the crustal stress ever since

Cenozoic and are closely related to the uplift of the Qinghai-Tibet plateau and the Qilian

~1ountains.

Currently available data show that the middle and lower crust wifldn the transect also varies

]alCl:.dl~. Geophysical arid geochemical studies of this research revealed ~hat the middle and lower

crus~ here can be horizonlally separated into three segments.

The thickness ol’thc crust is generally 40 km ~ and the average velocity is 6.29 ~m.Zs. There

i~ no clear mou:~lah~ root. The upper crust is 14--17 km thick an6 the interval x’elocilv increases

from ~.~5,--5.93 £n~ to 6.10-6.17 kin. Underlyin~ is a low-velocity layer. 7-9 ~m thick, with a

~cloci~ oF 6.0 km;s. t4owever, the xelocitv contrast of the Ioxx-vclocitv I:wer in this area is not

xerv large. Correspondingly, magneto/clluric sounding discovered a clear Io~x-resisfivity layer.

~l~cre lies the m%ior detachment surface resulted fiom a series o~ aforesaid northward napping

events. The interval velocity of the midcrust is 6.5 km/s and the thickness is 7-10kin. It consists

primarily of grano-dioritic rocks (shown in the map as granitic composition plus dioritic lenses)

and exhibits amphibolite facies metamorphism. The interval velocity of the Ioxver crust is 6.9

t0.75-7.2) kn~/s and the thickness is 6-]0 kin. The interval veloci:x of the top layer of the upper

~,u~!~c. i~ ~.] l:~::~:. !i is con~;iderccl lha~ lhe loxvcr ~i’tl~;~ COi1~i~l~, n~:dnlv of dioritic roc~:s :~nd h:v;

grantilitc t~cies melan]orphism. ]n general, the Beishan area has relatively thin crusl and no clear

low-velocity laver. The lower crust is thinner while the middle and upper crust arc thicker in this

area, f~aturing a crustal structure of a stable ~’leso-Cenozoic conlinen/al crust region. ]n the area

south to Yen]ajing. the Moho begins to dip gently towards the soutl~ and the crust lh~ckens

grad u:.d ly.

"the tc~peraturc of the top mantle, calculated based on ge.o~hermal data, is 600°-700°C,

which is obvio~sly lower than thal in the Qilian area of south.

t2~ 77~:, C~)ilia~ area

The total crustal thickness is 55-70 km and the average velocitx ofthe crust is 6.3~ km/s. The

upper crusl is 23-26 km/hick and the interval velocity increases downwards and is up to 6.2-6.3

km."~. A clear lo~x-velocity layer rests underneath it with an average velocity between 5.8km/s and

5.9 km’s. Its thickness varies between 9 km and ]0 kin. The available information sho~vs that a

series of nappe structures in this area converge downwards near the base of this low-velocity la~’er

and it is natt~rallv a strcss-cot]centrated position responsible for the north~ard and southward
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napping and detachment of the Qilian Mountains. It is shown by MT that this layer is composed

of a set of low-resistivity zones and epicenters of modern earthquakes are also concentrated near
the top of this layer. This probably results from intensive mylonitiza~ion caused by structural

gliding along this layer. The average interval velocity of the midcrust in this area is 6.35-6.5 km/s

and ~he thickness ranges from 8 km to I I km. This part ofthe crust is inferred to be granitic with
granulite facies metamorphism. The average interval velocity of the lower crust is 6.8 kmls and
the thickness is 20 km ±. It can be inferred that this crustal layer consists mainly ofgrano-diorilic

rocks and has high-pressure gra.nulite facies metamorphism. Some eclogites and high-pressure

metamorphic rocks occurring in the southern and northern Qilian areas are likely related to this
layer. These rocks were outcropped when this crustal layer was pushed upwards.

Unlike other areas, the crust in lhe Qilian area is very thick, w’bich is believed to be caused by

a special mounlain root belt. This root belt is predominantly dioritic and probably contain a large

amount of eclogites and lenses of pyrolites. It is characterized by eclogite facies metamorphisna.

The belt has its thickest part around the area fi’om Hat Lake to Juhongtu. up ~o 18--20 kin, and it

gets lhinner remarkably towards the southern and northern sides until it is absent at lasl. Because
of this mountain root belt the southern Qilian area becomes strikingly dislincfive from other areas

for ils great crustal thickness.

In the meanwhile, the temperature at the top of the upper mantle is much higher than that of

the both sides of this area, which is evaluated to be as high as 850°-950°C. This indicates that

there exists a hot mantle around here. The crustal structure of the whole Qilian area is
characterized by a tectonically active belt.

(3) The Qaidam area
"lhe crust in this area is 50-53 km thick in lotal and lhickens both southwards and northwards.

The average velocity of the crust is 6.15-6.17 km/s. Based on the velocity s~ructure it can be
divided into the upper and lower parts with no middle one, which corresponds to inlerval

velocities of 6.4-6.5 km/s. The upper crust is 30-35 km thick and itsvelocity changes fi’om 5.7

km/s ~o 6.3 km/s. This part can be furlher divided into two layers. The upper one is a sedimentary
cover and c~3’stalline basemenl, while the lower is a granitic-grano-dioritic layer with greenschist

to low-grade amphibolite facies metamorphism. In the middle of the upper crust, there exist a set

of low-resistivity zones detected by MT, which probably indicates a detachment-nappe belt under

the Qaidam basin. The lower crust is about 15-20 km thick and its interval velocity ranges from
6.6 km/s to 6.8 km/s. It consists chieIly of intermediate rock series and thickens evidently towards

the mountain chains on both sides of the basin. The temperature of lhe top mantle is also rather

low. calculated to be 500"-600°C. which represents a cool mantle in this area. The facts described

above t~ctually represent the features of the crustal structure inan old slablc region and lbese

features differ greatly from those of the mountain chains on both sides of this area.

"lbe diversily of the crustal structure within the transect is a composite product of v~riou’,~

geological effects during a long geological his’,ory. However, il especially rel~.ects lhe present

geological state. Some hislorical events, such as lhe opening, subduction and collision of pl:ates.
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could find their marks merely at several depths or in vaD’ing degrees. Especially tile Paleozoic

subduction zones and variation of the crustal structure of the plate on both sides of the Paleozoic

colli,,ion zone can even hardly be identified at present due to the reworking in the period of 200

Ma ever since the Paleozoic.

The faults in this transect, including those on the terrane boundaries, ductile shear zones
formed later, large nappe structures, strike-slip faults and some deep-seated faults recognized in

terms of geophysical data, are all illustrated in the cross section in a suitable form.

Those fa.’Ats possess the following characteristics, which have been learnt on the basis of the

intbrmation currently available.

( I ) Most of the faults have their long active periods, especially the faults on the boundaries 
some terranes. Some of them were crustal convergence zones in the Caledonian and Variscan

ages and became active again in the Mesozoic due to subsequent new tectonic stresses.

(2) Except some old crustal convergence zones identified in the middle and lower crust, most
of the l~ults, especially the Mesozoic and Cenozoic ductile shear zones and large detachment and

nappe structures, do not reach or cut to Moho surface, but are lerminated somewhere around the

top or base of the midcrust, or disappear in the low-velocity layers of the midcrust.

(3) It is indicated b.v existing data that these faulting events, especially those ofthe Cenozoic,

are obviously characterized by shearing and strike-slipping. Induced by these events, eruptions of

basic magmas originating from the upper mantle bare taken place (the northern Qilian area is
typical of this case) and there are also a series of modern earthquake activities.

(4) \Vhat should be emphasized is the Kuantanshan fault. The reflection survey revealed that
this is a listric fault with the upper part steeper than its lower part and absent at the top of the
lower crust, clearly exhibiting a nature of northward napping. Regionally, this fault is regarded as

the east extension of the giant Altun strike-slip fault. We, therefore, proposed that it is a part of

the ,’\ltcff~ i~UI: a~d a crustal convergence bell closed i~1 the Late l~alcozoic, alo~g which strong

overthrusting and napping occurred again in the Mesozoic and Cenozoic eras. Especially since the

Cenozoic this area is characterized by large-scale sinistral strike-slip movement and becomes a

major belt of seismic activity in the present day.

Details will be given in Chapter 3 to describe the specific features of all above-met~tioned
l’at~lts.

15



Chapter 5 Concluding Remarks and Unsolved Problems

Valuable information and data have been gained by combining geological, geophysical and

geochemical techniques in the research of the Golmud-Ejin geoscience transect and a map was

compiled in light of the unified requirements stipulated by the ICL. Tile research ~hows the
amalgamation, accretion and formation of the lithospberic blocks in lhe Qinghai-Tibet plaleau and

the Beishan orogenic belt. 1; also shows the structure and composition of the lithosphere and the

kinematic process and deep dynamic mechanism of its lectonic evolution and deformation. The
research has provided a deep geological basis for hunting more mineral resources, reducing

geological hazards and protecting environment. This lransecl, when con..’cted with lhe Yadong-

Gohnud geoscicncc transect, is of particular significance to under.,’,m~d the uplift of the whole

Qinghai-Tibet plateau. Compared with the Yadong-Golnaud transect, this research projec~

involves more tasks and has employed some ncxx methods, including: (1~ a subvertical reflcctiot~
seismic profile (COCORP), which is about 100kin long; (2) an inlensivc geochemical research: 

~omography and remote-sensing technique; (4) digilizalion of geological information and

computer-aided map plotting; (5) integrate researches combining geochemical and geophysical

investigations along with s~udies on tectonics, and compilation of a vertical .geological interpretive

section: and (6) animation oflerrane mox;ement.
Major achievements of the research are as follows.

(1~ For a long time, the frontal fault of tile Qilian Mountains was regarded as the norlhern

boundary of the Qingbai-Tibet plateau. However. an inclined reflection seismic phase xvas found
on lhe reflcclion profile in the time imerval fi’om 5 sec. to 9.5 sec. and conlinues downwards to

the lower crust or even to the Moho, which has also been confirmed by o~hcr geophysical methods:
whereas tile frontal fault of lhe Qilian Mountains has relatively short extension, terminating in the

Iox~-velocity layer at the base of the upper crust. We, therefore, concluded that ~lle newly

discovered fault --),he Kuantanshan fault should be lhe northern boundary of lhe plmeau.

(2) Eclogites have been found on the northern margin of the Qaidam basin, indicating that

this area is a high pressure-ultrahigh pressure metamorphic belt and probably tile wesl extension

of the Sulu (Jiangsu-Shandong)-Dabie high pressure metamorphic belt. Moreover, this research
ascertained that the northern margin of the basin is also a giant ductile shear zone.

(3) The Qilian mountains had their orogenic stage in lhe Middle-l,ate Jurassic and were

involved in the extensive uplift of the Qinghai-Tibet plateau following denudation and planation

in the Paleozoic, superimposed deformation in the Mesozoic and rejuvcnaled orogeny in ~l~e
Pleistocene. Refleclion seismic survey shows that the Tertiary is covered by older strala, which

again indicates that the thrusting and overlapping were active in the Cenozoic.

t4") The uplift of the Qilian mountains can be represented by a multifac~or model of a bo~.le-

momh type: thrusting and overlapping were caused at first by two-direclional compression to
force tile crust to be folded and then deep malerials were added to the lower crusl to make lhis

part of crttsl lhickened.
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(5) The above model was tested by tectonic stress field simulation and it is found that the

present Qilian Mountains can be successfully modeled only in the case that the applied fbrce on

the north side is greater than that on the south. This suggests lhat the effect of lhe India plate has

been remarkably lessened here.

~6) The Beishan strt)ctural belt is characterized by apparent thrusth3g and napping from north

~owards south and composed of a sel of rootless sheets.

Obviously these ideas have yet to be fu~her proved. Besides, owing ~o the time limitation,

particular location of the study area and limited funds of this research work, there are still some

problems to be studied.

f l) Reflection seismic survey proved tl3al the Kuantanshan fault, which Iraverses the )-lexi

Corridor basin, is a thrusting )hull extending downwards to l13e middle and lower crusl. It is

possibl> the principal boundary faull of the northern margin of the Qinghai-Tibet plateau.

Correspondingly, lhe basic )batures of the Qilian Mountains in the orogenic process are reD’

similar ~o lhose of fl~e Himalayas on the southern margin of the Qinghai-Tibet plateau and.

f,~rfl~ermore, both of lhem have almost the same time limits in their developmenl after the

Oligocene.The Kuantanshan and Altun faults probably belong to the same structural system and

~e deduce that the former is the east extension of the latter. This idea, however, has not been

confirmed by the deep reflection profile across the east of the Altun and Qilian Mountains yet, so

~e are not able to make a final conclusion in this respect from the viewpoint of regional tectonics.

/.ikewise. we have used only refraction data at present to infer the nomhern margin of the Qaidam

basin as a steep north-dipping thrust fault and made only a tentative discussion regarding the

downward extension of the fauh in the Kunlun area because no reflection seismic data are

available. In one word. characteristics of the deep structures in the major areas or segments of the

transect corridor cannot be fl))~her clarified until more deep reflection data are acquired.

(2) The i)resem layer model of c)us~al materials was built primarily based on velocitie~ a)~cl

densities obtained in geophysical investigations and general experimental petrological data. but

lithochemical features and other geophysical information of the transect corridor and neighboring

regions were not effectivel) utilized. This is also because special and detailed geochemical studies

could not be conducted in this research. There are still more problems with the model, such as

ho~ the layering of the crustal materials was figured out and what influence the material layering

x~ill exert on the present crustal uplift and tectonic events now that the model represents the

present state o~ the materials. It is noticed that Cenozoic pyrolites were found in the Kunltm and

Qilian :Xlountains and that ultrahigh pressure metamorphic rocks (eclogites) found on the no~i~ern

margi)~ of the Qaidam basin, so a special comprehensive geochemical and geological research

pr~iect seems necessary for the study of their deep occurrence and the mechanism of their

emplacement up to the surface,

(3) Some assessment reports have reckoned that the uplifting ~nd orogeny of the nerthern

)na)gin of the Qinghai-Tibet plateau were the events mainly in the period from the Pliocene

tluough to the Cenozoic. but the assessment cottld not be done stage by stage a~ in the case of the
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I limalayas due to lack of systematic dating and quantitative analytical data. For this reason.

need to conduct quantitative analyses and systematic dating for uplifting terranes (e.g. the Qilian
a~.:l Altun Mountains) and frontal basins of mountains (e.g. the Hexi Corridor basin and II~e

fi’ontal basin of the AItun Mountains). We have proposed an orogenic model of the Qilia,~
k4ountains by simulating the structural stress field, i.e. bi-directional compression (the ~ortbern

component larger than the southern one) plus southward and norlbward thrusting and nappin~

along tlae intracrt|stal detachment layer (the low-velocity and high-conductivity layer). We think

~his model was built on good grounds. Then the ot’ogenic process of the Ktmlun Nlountains tends

to be a~ impottant problem concerning the orogenic mechanism of the Qinghai-Tibet plateau.
~-~,) As for the analysis of hislorical tectonics we hold that the transecl corridor and adjaccnl

regions are separated into different parts belonging to different plates or terrane groups by some
small Precambrian-Early Paleozoic ocean basins (e.g. the northern central Qilian fault and the
Sl~iba~.:.!ng-Xiaohuangshan fault). A further question would be bow ~bese small ocean basins arc

~elaled to ~he large global ocean basins and how these plates or terrane groups are related to

large global l.~latcs both in time :rod in space.

(5) It is commonly considered that the transect corridor and adjacent regions witnessed ~wo

subduc~ion-collision events in the Late Paleozoic besides the Early i~aleozoic. Calc-alkaline

magma~ic activity can be the convincing evidence of the collision. Nevertheless, tl~is

tmderst~.l~ding is sho~ of such evidence as syntectonic ocean crust rocks (typical ophiolile) and

s.-.~bauction complexes (accretionat3’ wedges). The Permian alkaline granite belt in the northern
Beishan area is part of Ihe gigantic magmatic belt stretching from Inner Mongolia to Junggar.

~’,.hich is generally regarded ~.o be related with rifling, bu~. an interesting question is what is

relationship between this belt and the subduction-collision. All these problems remain to be

solved in our future researches.
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Abstract

FLrst P arrival time data from 266 local events and 14 borehole shots were used to determine the 3-D

crustal structure beneath the seismically active Western Yunnan region in southwest China. An inversion

algoriOma of the grided model is used to model the entire crust. Although the 3-D model from the inversion is

coarse due to the large station spacing in the area, some significant insights are obtained from the result. The

final model is quite complicated, which may indicate the evolutionary history of different tectonic units in the

study area. At a depth of 41km velocity differs on either side of the Red River fault. The lower mean velocity

(about 6.2-6.3krn/s) of the crust, and the negative velocity anomaly of the mid-crust in the area are consistent

with the tectonically active area. The seismically active zones in the area are generally related to a negative

anomaly in the mid-crust, and to a positive anomaly in the upper crust. This may imply that earthquakes occur

in area of the upper-middle crust having positive anomaly, and above the negative velocity anomaly zone which

may play a role in earthquake-generation. In the region between Baoshan and Dali, tile negative velocity

anomaly in the lower crust is consistent with the weak energy reflection from the Moho at Baosluan shot-NE and

tile high heat flow values may be related to the magmatism in the region of the Tibet-Yunnan Fold System.

Introduction

Yunnan province in southwest China is close to the China-Burma boundary, and at the northern end of

the Red I~iver fault, where there are numerous faults with a northerly and northwesterly trend. These faults are

accommodating regional east-west crustal extension and north-south shortening. The Red River fault is

considered a deep structural discontinuity associated with the collision between tile Indian and Eurasian plates

(Molnar and Tapponnier, 1975; Allen et al., 1984). The Western Yunnan is a seismically active region. Since

886 AD, more than 200 earthquakes with magnitude M>4.0 have occurred, among them 22 events with

magnitude 6-6.9, and 4 6artlaquakes with magnitude MP.7.0. The largest event is the Yongsheng earthquake of

M7.5 in 1511. The latest is the Lijiang earthquake with M=7.0 in 1996. The State Seismological Bureau (SSB)

of China has conducted a number of investigations on seismology, tectonics and crustal structure for over ten



years in the Western Yurman Seismic Experiment Site (WYSES), which is located at the geograpltical

coordinates of 24.5-270N and 99-1010E. A broad field of earthquake study has been started with China-U.S.

seismological cooperation, and the project of crustal seismology in China has had produced fruitful results (e.g.,

Kan et al., 1986).

The Kunming Telemetry Seismic Network tK’I’SN) established in early 1980 is monitored with

automatic detection and real-time processing of the incoming signals. The establishment of the network is

aimed towards the fast response to the earthquake hazard and the study of seismology. There are 18

seismographic stations in the Western Yunnan. Since 1982, a considerable amount of seismic records have

been obtained in the Kunming processing center. In addition, two projects to collect the deep seismic sounding

(DSS) profiles were conducted successively in the Western Yunnan area and its vicinity in 1982 and 1987. The

data from the DSS profiling were interpreted and 2-D crustal structure models along each profile were

presented (Hu et al., 1986; Lin et al., 1993). Six fan profiles in the projects give the ray path coverage of the

Western Yunnan area to a degree (Fig. 5), the data have not been exploited until recently. An attempt is made

in this paper to obtain a 3-D model in the Western Yunuan based on the first arrival time data from the local

earthquakes recorded in KTSN and the DSS profiles (in-line and off-line). We noted that the depth extent 

local earthquake tomography models is generally limited by the maximum earthquake focal depths in the area.

Therefore, the 3-D model determined in this study will be coarse due to the large station spacing.

The method of determination of three dimensional velocity anomalies under a seismic army using P

arrival times from local earthquakes is fast presented by Aid and Lee (1976). Kissling (1988) has 

described the ACH-inversion (Ald and Lee, 1976) in detail, which is based on the block model. The travel time

inversion of local P arrival is a coupled hypocenter-velocity inversion, and must calculate simultaneously the

h~nter corrections and the velocity corrections by minimizing the global travel time residual of a large

number of the events (Pavlis and Booker, 1980). After the approach of Ald and Lee (1976), 

developmeuts in the representation of structure and the my path m~d travel time calculation have been presented,

such as the grid model of Thurber (1983), and the ’no-block’ approach of Tarantola and Nercessian (1984), 

model, including the Conrad and Moho discontinuities (Thno, 1991), the approxiJnate my-t_racing scheme

(Thurber and Ellsworth, 1980), the nonlinear inversion (Koch, 1985), mid the combination of P and S velocity

structure (Ebeth,qrt-Phillips, 1990), has been developed. Walck and CLayton (1987) have inverted ’pure noise’

synthetic data to assess the level of uncertainty in the model. The recent alternative approach to the ray tracing

problem is the finite-difference method of Vidale (1990).

Geologic Setting and Previous Geophysical Result~ of the Study Area

The study area is a triple junction zone of tile tectonic units separated by the Jinshajiang fault, the Red

River fault and the Xiaojinhe-Lijian fault, and bounded by the Yangtze Platform to the east, the Songpan-Ganzi

Fold System to the. north, and the Tibet-Yunn,’m Fold System (i.e. the Sanjiang Fold System) to the west and



southwest. The Songpan-Cranzi Fold System and the Tibet-Yunnan Fold System belong in the Qinghai-Tibet

Fold System (Fig. 1). These blocks are different in the ttistory of their development, and caused the region 

form a complicated tectonic zone with a variety of sa’uctures having different evolution and a high seismicity

(Chert et al., 1987). The study area has been subjected to extension and pulling-apart which resulted in the

formation of a relatively depressed taphrogenie zone over a background of overall block uplifting and upper

mantle upwelling. Many active faults are dislributed between the taphrogenie zone and the high mountains. The

relief is higher to the northwest and lower to the southeast, with valleys down to 1500m in some places and

mountains up to 5500m, cut by a series of rivers originating on the Tibet Plateau.

In the study area, Oae boundaries between the main tectonic units are generally the major faults which

are as follows (Tig. 2): the Red River Fault, the Chenhai fault, the Xiaojinhe-Lijiang fault, the Jianchuan fault

(i.e. the Jinshajiang faul0, the Qlaohou fault, the Lancanjiang fault, the Nuji,’mg fault and the Longling fault.

Based on the dislocated.drainage system, Allen et al. (1984) assigned a possible fight-lateral dislocation 

5.5k~n to the Red River fault during the Qnatemary. Most boundaries are the seismically active belts, where

strong earthquakes occurred. However, the Quaternary activity of the Lancangiiang fault, a large fault close to

the Red River fault, appears to be less seismically active than in earlier geological times. The modem

seismotectonics is controlled by the regional sa’ess field with near NS direction and local stress field with near

EW direction (Fig. 3).

The DSS profiles provided seismic data having high quality due to the high signal-to-noise ratio and

large ,amount of explosive charge (>2000kg) in each shot. The interpretation of the DSS profiles show that the

crustal structure in Western Yunnan is a 3-layer model (Hu et al., 1986; Iron and Lin, 1986; Lin et al., 1993),

where, in general, the upper crust is a homogeneous or weak gradient layer, the middle oust is a homogeneous

layer, ,and the lower oust is generally a gradient layer, while the gradient varies considerably over the area. The

lateral v,’u’lation of the velocity slructure indicates tlmt the distinct difference in the velocity structure exisl.s

among the main tectonic units, and the boundary between the tectonic units is consistent with the major fault

on the surface. The mean velocity of the oust is lower (6.20-6.30Ire’t/s). The general trend of the Moho variation

is that the interface deepens from southeast to northwest. The depth of the Moho increases from 38.5kan in the

south of the study area to 52kin in the north.

The Bouguer gravity anomaly in the Western Yunnan decreases from -220 regal in the southeast to -

365 regal in the northwest. The NNW-trending gravity anomaly belt with a gradient of 1.1mgal/kTn exists to

the north of Daft. The remnant gravity anomaly shows that the Red River fault is located at the boundary

between the positive and negative anomalies. The high conductivity layer in the upper nutntle spreads with

variable depth from 60 to 120kin (Institute of Geology, SSB and Seismological Bureau of Yunnan Province,

China, 1990).

The terrestrial he,at flow is quite high in Western Yunnan (Fig.4). Fourteen heat flow values were

obtained in the Western Yunnan and its surrounding region, where the highest is 2.82I-IFU in the Tengchong, to

the west of Baosl.~.an. Dali and Jianchuan, situated in the north segment of the Red River fault area, also have



higher values 2.28HFU and 2.32I-1FU, respectively. The region to the east of the Western Yunnan has lower

heat flow values. The high heat flow region is generally related to the W, ctonic activity (Institute of Geology,

SSB and Seismological Bureau of Yunnan Province, China, 1990)..

Inversion of 3-D model

1. method

The simultaneous inversion approach is generally used to determine the velocity structure of the area

beneath a network and a set of hypocentral parameters of local earthquakes. The problem can be expressed as

.solving the following linear equations:

r = Adx (1)

where A is the malrix of hypocentral and medium partial derivatives, dx is the column vector of hypocentral

and medium parameter perturbations, and r is file column vector of travel time residuals. The matrix A can

be written in the following partitioned form:

A ... o= . . . (2)

where H; is the partial derivative matrix of the hytxx~ntral parameter of the i’th event, i.e.

" ’(Hj~.), = (¢9T/ x, ),i = 1,2,...,n. and x~. is tile station position, i i s the hypocentral

location, M is the partial derivative matrix of the medium. The residuals of an event are coupled to the

residuals of another event by means of file medium matrix M only. For a single event, the correspending

equation is:

r,. = Aidx ~ (3)

where r~ is the (mxl) column vector, m is the observation number of the i’th event, Ai = [H~., M~ ]. Pavlis and

Booker (1980) showed that, when m>4, equation (3) can be operated on to form a matrix equation which 

contains the medium parameters. This processing is called parameter separation. It nmkes file calculation easy

when the matrix contains a great number of arrival data.



Thtu-’ber’s simultaneous inversion algorithm tOrhutber, 1983) has been used to model the crust in this

paper. In his algorithm, a 3-D grid approach is used, in which velocity varies continuously in all directions, with

linear B-spline interpolation among the nodes. As for the ray path and travel time calculation, we use the

pseudo-bending method of Um and Thurber (1987), which is basically an approximate but fairly accurate

treatment of the exact bending method. Although there are some sophisticated improvements to the my-tracing

method recently developed, we did not use them due to the coarse resolution of the large station interval.

2. Data

The local fast P arrival data were compiled from 26 permanent seismographic stations of KTSN, with

18 stations located inside the study area (Hg. 2) and 8 stations near the area. The basic data set contains the

arrival data of 340 earthquakes collected by KTSN and 14 boreholc shots from the DSS profiles, recorded by

160 temporary stalions. The location error of the earthquakes in the data set is mostly less than 10kin. Arrivals

with distinct onsets recorded from shots were collected. In order to converge normally to the earthquake

location, wc set the following criteria for the data set: (I) the maximum gap of station orientation for 

earthquake is less than 160°; (2) the minimum number of P travel time observations is 7; (3) the maximum

residual of the travcl time is 2.0s. The arrival times were mostly taken from the Observatory Report of KTSN,

and larger residuals from some stations were checked on the seismograms. After the data selection, the number

of e, arthquakes used for the inversion was 266 (Fig. 5). The total numbex of observations was 2681, where 2331

were for earthquakes, and 350 f~om the DSS blasts (Hg. 6).

3. Initlal model

A grid model of Thurbcr (1983) is used in this study. The initial 3-D model is a laterally

homogeneous I-D model. The hor~.onta] division into a 3-D grid model is shown in Hg. 2, where the grid

extent is fi’om 24.5" to 27°N in latitude and from 99° to 100°E in longitude, with intervals of 0.5° , respectively.

The vertical grid is listed in Table I where the layer below 41kin has a weak velocity gradient of 0.01km/s. The

Moho discontinuity is simulated as a transition layer from depth 38kin to 41km with a strong gradient. Although

the topography of Moho along the profile varies considerably, the depth of the Moho beneath the 3-D grid

model is limited to the extent of 41 ±2km. The I-D initial model in Tab. I is an average of the models presented

by the DSS proRles.

Ray tracing in the I-D model shows that first arrivals beyond a distance of about 170kin are Pn phase,

which is clear on the seismograms of the area. The seismographic stations in this network have relatively large

station spacing. In most cases, beth P and Pn of an earthquake are recorded as fast arrivals at the stations in

the network.. In addition, Pn can bc simulated as a diving wave below the Moho on the grid model, which also

illuminntes the lower crust to a degree. Therefore, we m/to obtain a model of the entire crust in the area. About

50% of the arrival time data in the data set are Pn phase. In general, the travel time of Pn phase is insufficient

for earthquake location, the accuracy of the earthquake location is limited.



Table 1 1-D initial model

Depth (kin) P-velocity (km/s)

-I.0

0.0

5.0

18.0

38.0

41.0

4.50

5.25

5.90

6.20

6.70

7.95

The arrival lime data from DSS profiles have higher reliability than the data from earthquakes.

Therefore, we set the weight (3.0) to the DSS data in the inversion. According to the resolution and standard

error assessment in the result of inversion, the final model is basically reliable, although the resolution of the

lower crust is lower than that of the upper-mid crust in the model. The resolution of the uppermost mantle is

fair.

4. Final 3-D model

The number of rays that passed through the vicinity of a node is generally sufficient for the inversion.

The number of rays for all of the 180 nodes is greater than 30. The final 3-D model after 10 iterations is shown

in Fig. 7. The relevant resolution and standard error at each node are shown in Fig. 8 and 9 respectively. The

first layer at depth -lkm generally has very poor resolution. The resolution and standard error of the solution of

nodes at a depth of 5kin and 18kin are higher and lower than those at a depth of 38kin and 41km, respectively.

In general, the reliability of the solution at the nodes on the boundary of the study is less then the central nodes.

Although the lower crus~ is illuminated by the Pn ray, the ray segment with a higher angle and a shorter path

penetrates lower crust. The standard error at the depth of 4 lkm varies from 0.10 to 0.15.

The velocity structure in the area is complicated. The velocity anomaly distributions at different depths

are quite different (big. 7). The anomaly at a depth of 5km are similar to the remanent Bouguer gravity

anomaly. However, it is different from that at a depth of 18kin. The seismically active zones in western

Yunnan (DL, JC and YS areas in Fig.7d) are generally relamd to a negative anomaly at a depth of 18km, wltile

they are related to a positive anomaly at a depth of 5kin. This demonstrates that the earthquakes occur in the

upper-middle crust which has a positive velocity anomaly and a negative velocity anomaly zone andemeath.

The velocity anomaly at a depth of 41kin is obviously divided by some of the main faults in this area.

The Red River fault is the boundary between the positive and negative velocity anomaly. The Lancanjiang fault

is also an dictinct boundary. However, another positive anomaly region to the northwest of DL in Fig. 8e is

difficult to expla.in.



Based on the velocity anomalies at the nodes, Fig. 10 shows a cross section wilh relative velocity

anomaly of the entire crust. The cross section is from the node of (25"N, 99°E) near BS to the node of (27"N,

101°E) near YS (b’ig. 5) with a middle point at DL and trending NW. The image shows that there are negative

anomaly zones in the mid-crust in the northwest and in the lower crust in the southwest, which are consistent

with the DSS results. The Red River fault passes through the neighborhood of DL and is dearly seen as the

boundary between two tectonic units, the Yangtze Platform and the Sanjiang Fold System. The reflection from

the Moho is unusually energetic in the Western Yunnan area. However, on the record section of the BS

shotpoint-NE on the DSS in-line profde, the reflection from the Moho is too weak to be recognized (Kan et al.,

1986). Both the anomalous low velocity zone existing in lower crust and the obscure Moho discontinuity may

be generated by the magma underplating.

Di~ussion

The 3-D velocity model of the crust beneath the Westexn Yunnan, China was obtained from the

inversion. However, it is coarse due to the large station spacing, although the seismic activity is high level in

this area. In order to improve the accuracy of location and rise the reliability of the final model, the unique way

is to increase the number of stations and decrease the station interval in the study area.

Nevertheless, some significant insights are stilI obtained from the final model. The complicated

velocity model may be related to the evolutionary history of the study area. This area is located at the junction

of three major tectonic units, each having a different geological history. Based on the study of the rocks and

their different geological histories on either side of the Red River fault, the fault is considered a main boundary

of the tectonic units (Allen et al., 1984). However there is no clear evidence for a clmnge in the velocity

distribution across the fault on the DSS profiles CKan et al., 1986). Images at a depth of 41kin in this study show

different velocity anomalies on either side of the f~ult. The reason for the inconsistent results may be due to

sparse data from the Moho in the DSS profties.

The lower mean velocity (6.2-6.3kTn/s) of the entire crust, and the negative velocity anomaly of the

mid-caust irl the area are consistent with the tectonic,ally active area (Mooney and Brocher, 1987). This feature

is similar to the North China Basin, another seismically active zone in China.

Tile focal depth of most earthquakes lies between 5 and 20kin. The velocity anomaly distribution

shows that tile cluster of earthquakes is located abo~e a negative anomaly zone and/or close to a large fault. Tile

seismically active zones in the area are general/y related to a negative anomaly at a depth of 18kin in the model,

and to a positive anomaly at a depth of 5kan. This may imply that earthquakes occur in the upper-middle crust

which has a positive velocity anomaly, and above a negative velocity anomaly zone which may play a role in

the earthquake-genemtiou.



In the region between BS and DL, the negative velocity anomaly in the lower crust is consistent with

the weak energy reflection from the Moho at the BS shotpoint-NE and the high heat flow values may be related

to the magmatism in the region of the Tibet-Yunnan Fold System.
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Figure captior~

Fig. 1 Tectonic pattern of Chinese Cotinent and location of the Western Yunnan Seismic Experimental Site

(after Yang and Yang, 1981). 1, the Songpang-C_ranzi Fold System; 2, the Sanjiang Fold System (i.e. the Tibet-

Ymman Fold System); 3, the Indian Platform. The flame indicates the study area.

Fig. 2 Location of major faults of the study area with sekcanic stations and nodes of the grid. Triangle denotes

the station position, and cross is the node position of the horizontal grid in the model. Fault names are given by

single-letters: a, the Red River;, b, the Che~h.~i; e, the Lijiang; d, the Jianchuan; e, the Qiaohou; f, the

Lm~canjiang; g, the Nujiang; h, the Longling. Seismic station names are given by two-letter codes.

Fig. 3 Pattern of the modem seismotectonics in Western Yunnan area (after the .Institute of Geology, SSB and

Seismological Bureau of Yunnan Province, China, 1990).. 1, active fault zone; 2, pull-apart taphrogenie zone;

3, direction of the fault movement; 4, shear direction; 5, direction of the local stress field; 6, direction of the

major compression stress; 7, pull-apart direction; 8, earthquake with magnitude between 6.0 and 6.9; 9,

earthqu~e with magnitud~ M>7.0.

F~g. 4 Distribution of terrestrial heat flow values in the Western Yunnan and its surroundings region (after the

Institute of Geology, SSB and Seismological Bureau of Yunnan Province, China, 1990).. The cities am given by

two-letter codes: TC CI’engchong), BS (Baoshan), ZD (Zhongdia), JC Oianchuan), DL (Dali), X’Y (xiangyun),

CX (Chuxiong), KM (Kunming), ES (Ershan), SZ (Shizhong).

Fig. 5 Epicenter location of the earthquakes used for inversion, and location of the cross sections in the 3-D

model indicated by da.¢,hed line.

Fig. 6 Location of shotpoints and temporary stations, and ray path coverage for the DSS profiles used in the

velocity and hypocenter inversion.

Fig. 7 Final model with velocity perturbations shown in krn/s: (a) depth: -lkan Co) depth: 0kin (c) depth: 

(d) depth: 18kan (e) depth: 38kln (f) depth: 41krn. Four cities are given by two-letter codes: DL(Dali),

BS(Baoshan), JC(~lianchuan), YS(Yongsheng).

Fig. 8 Resulotion of velodty anomaly at nodes, (a) ... (f) are correspondent to Fig. 

Fig. 9, Standard error of the velocity anomaly at nodes, (a) ... (0 are correspondent to Fig. 

Fig. 10 Cross sections of the final model, per cent velocity perturbation are with respect to the initial 1-D model.

Location of the cross section from (25°N, 990E) to (27°N, 101*E). is shown in Figure 
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Fig. 3 Pattern of the mcxiem seismotectonics in Western Yunnan ,~ea (after the Institute of Gcol~gy, SSB and

Seismological Bureau of Yunnan Province, Chin,’~ 1990).. I, active I~ult zone; 2, pull-ap~u-t tapl~rogenic zone;

3. direction of tl~e fault movement; 4, shear direction; 5, direction of the local stress field; 6, directio1~ of the

major compression stress; 7, pull-apart direction; 8, eartlNu~e with magnitude between 6.0 m~d 6.9; 9,

eartl~quake witl~ magnitude lVI>7.0.
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l’~g. 4 Distribution of terrestri,’d heat flow values in the Western Yunnan m~d its surroundings region (after the

Iustitute of Geology, SSB ,’rod Seismologiczd Bureau of Yunn,~n Proviace, China, 1990~.. The cities are given by

t~,o-letter codes: TC fl’engchong), BS (B,’toshan), ZD (Zhongdia), JC (Ji,’mchuan), DL (Dali), X"Y (xi~mgyun),

CX (Chuxiong), KM (Kunmiug), ES (Ershan), SZ (Shizhong).
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velocity m~d hypocenter inversion.
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ABSTRACT
More than 36,000 km of Deep Seismic Sounding (DSS) profiles have been collected 

China since 1958. However, the results of these profiles are not well known in the West due to the
language barrier. In this paper, we summarize the crustal structure of China with a new contour
map of crustal thickness, nine representative crustal columns, and maps showing profile locations,
average crustal velocity, and Pn velocity. The most remarkable aspect of the crustal structure of
China is the well known 70 + km thickness of the crust of the Tibetan Plateau. The thick (45-70
km) crust of western China is separated from the thinner (30-45 km) crust of eastern China by 
north-south trending seismic belt (105° E). The average crustal velocity of China ranges from 6.15
to 6.45 krn/s, indicating a felsic-to-intermediate bulk crustal composition. Upper mantle (Pn)
velocities are 8.0 +/- 0.2 kin/s, equal to the global continental average. We interpret these results
in terms of the most recent thermo-tectonic events that have modified the crust. In much of eastern
China, Cenozoic crustal extension has produced a thin crust with a low average crustal velocity,
similar to Western Europe and the Basin and Range Province, Western USA. In western China,
Mesozoic and Cenozoic arc-continent and continent-continent collisions have led to crustal growth
and thickening. Inferences on the process of crustal thickening are provided by the deep crustal
velocity structure as deternained by DSS profiles and other seismological studies. A high velocity
(7.0 - 7.4 km/s) lower crustal layer has been reported in western China only beneath the
southernmost Tibetan Plateau. We identify this high velocity layer as the cold lower crust of the
subducting Indian plate. As the Indian crust is injected northward into the Tibetan lower crust, it
heats and assimilates by partial melting, a process that results in a reduction in the seismic velocity
of the lower crust in the central and northern Tibetan Plateau.

Introduction
The geology of China is highly diverse and records a history of crustal evolution from the

Archean core of the Sino-Korean platform to active continent-continent collision in Tibet (Fig. 1).
In addition, China is a country with a large population and high levels of seismic activity.
Knowledge of the regional crustal structure is therefore important for the determination of
epicentral locations, and for relating seismicity patterns to lateral variations in crustal properties.

Approximately 36,000 km of deep seismic sounding (DSS) profiles have been recorded 
several institutions in continental China since 1958, primarily by the State Seismological Bureau
(SSB) of China, the country’s main DSS research group. In this paper, we begin with a brief
description of the geologic and seismotectonic setting of China, and then summarize the main
results of DSS investigations. While some of the results from these DSS profiles are known in the
West, much information has not left China due to the language barrier. We provide a broad
overview of the crustal structure of China rather than a detailed discussion of each profile.

Geology and Tectonics of China
Like many other continental regions, the geology of China consists of Precambrian platfonm

surrounded by accreted terranes and fold belts of various ages, These tectonic elements first assembled



in the Paleozoic era, but have been further deformed and rearranged in multiple episodes throughout the
Mesozoic and Cenozoic. The following geologic summary is based on reviews by Zhang et al. (1984),
Dewey et al. (1988), Windley (1995), Carroll et al. (1995), and Goodwin (1996).

There are three Precambrian platforms in China: the Sino-Korean platform, the Yangtze
platform, and the Tarim basin (which, despite its common name in Western literature, is refered to as 
platform in Chinese literature; Fig. 1). The Sino-Korean platform coalesced in the early Archean
through Early Proterozoic; it was largely consolidated by 2.0 Ga. The Yangtze platform contains
igneous and metamorphic rocks that range in age from late Archean through Late Proterozoie. This
platform was consolidated and stabilized after the Yangtze orogeny (ca. 825 Ma.). The Tarim basin 
NW China consists of a nucleus of Archean through Proterozoic age covered by thick Cenozoic
sediments. The Tarim basin and Sino-Korean platform collided with the Siberian craton in the Early
Paleozoic, creating an east-west arc of fold belts across northern China (Fig. 1) and forming the Paleo-
Asian supercontinent. The Yangtze and Sino-Korean platforms, which had been separated by the Paleo-
Tethys Ocean, collided in the early Mesozoic to form the Qinling fold system.

The South China fold system of SE China (Fig. 1) is a composite of late Proterozoic through
Mesozoic orogens developed from three continental fragments now joined at two well-defined suture
zones. The region was stabilized by the beginning of the Jurassic (Hsu et al., 1990).

South of the Tarim basin, the Kunlun fold system and the Tibetan Plateau (which may be
subdivided into five fold systems that beco~re younger to the south; Fig. 1) consist of a series of micro-
continental fragments, collapsed ocean basins, accretionary rnetasedimentary rocks, and volcano-
plutonic arcs that assembled at the southern margin of Eurasia after the breakup of Gondwana. The
most recent major orogeny in southern Eurasia is the Hhnalayan collision (commencing ca. 45 Ma.), and
has been marked by 2,000 km of convergence between India and Eurasia.

Crustal Structure of China
Profile Locations, Data Acquisition and Interpretation

The crustal structure of China has been well investigated with DSS profiles concentrated
in regions of high population density and/or high levels of seismicity (Fig. 2). Table 1 provides 
summary of 22 published profiles; in addition, we have used the results from 19 profiles that are
not yet published (dotted lines on Fig. 2). Data quality, in terms of signal-to-noise ratio, 
generally very good.

A variety of methods have been used to interpret the DSS data reported here. By far the
most common method is the interpretation of seismic travel times and amplitudes using either one-
or two-dimensional (1D and 2D) modeling methods (c.f. Mooney, 1989). In reversed 
profiles, seismic velocities are directly measured, while depths of refraction (or reflection) horizons
are successively calculated from the uppermost layer to the deepest measured horizon (usually the
Moho). Thus, seismic velocity determinations generally have lower errors than depth
determinations. For the seismic profile data compiled here, seismic velocities are accurate to
within 3%, or about +/- 0.2 km/s. All boundary depths (including the Moho) are accurate to within
10% of the depth.

Maps of Crustal Parameters
Crustal thickness is a parameter that is well determined by DSS profiles, since both

refracted and reflected arrivals are usually observed from the Moho. However, the map of crustal
thickness we present (Fig. 3) is the first complete contour map of the crustal thickness of China
based primarily on DSS data. Previous maps have been largely based on surface wave, gravity,
topography, and geoelectrical data (Compiling Group, 1986). The contour map clearly divides
China into an eastern portion with a crustal thickness of 30-45 km, and a western portion with a
thickness of 45-70 km. In western China, crustal thickness is positively correlaled with



topogr,’~-:hy. The 70-km-thick crust beneath the Tibetan Plateau constitutes some of the thickest
crust ii~ :.~e world (Allegre et al., 1984; Him et al., 1984 a, b; Teng, 1987; Teng et al., 1974,
1983), a.!ong with the central Andes of South America. The strong gradient in crustal thickness in
central China (visible in gravity as well as seismic data) is coincident with the north-south trending
seismic belt (105° E). In addition, the east-west trending fold belts of western China either end at
or abruptly change direction when crossing this seismic belt (Fig. 1).

Worldwide, P, velocities for continental mantle range from 7.6 km/s to about 8.4 km/s
(higher values are occasionally reported; Christensen and Mooney, 1995). Low P, velocities (7.6-
7.8 km/s) are usually restricted to regions of thin (<35 km) crust with moderate to high heat flow,
and high Pn velocities correlate with thicker crust (> 40 km) with low heat flow (i.e., stable
continental interiors).

Figure 4 shows Pn velocities determined from refraction profiles in China. There is a weak
tendency for northeast-southwest refraction profiles to show higher P-wave velocity values (8.1-8.2
km/s), and for northwest-southeast profiles to show lower values (7.7-8.0 kn~s). This indicates
possible seismic anisotropy in the uppermost mantle of about 4%.

Average crustal velocity, a parameter well determined from DSS data, is of interest
because it is directly related to bulk crustal composition, assuming that the measured velocity has
not been strongly reduced by anomalously high crustal temperatures or high pore pressure. A low
average crustal velocity (6.0-6.3 km/s) is indicative of a dominantly felsic composition, and 
higher average velocity (6.5-6.8 kin/s) indicates a significantly more mafic crustal composition
(Christensen and Mooney, 1995; Rudnick and Fountain, 1995). Figure 4 summarizes the average
crustal velocity for the profiles in China from which we were able to make reliable calculations.
Significantly, most values are less than or equal to the global average of 6.44 km/s (Chfistensen
and Mooney, 1995). We interpret this to indicate a dominantly felsie to intermediate bulk crustal
composition, whereas "typical" (i.e., platform and shield) crust has a significantly more marie
composition. This raises the question of why much of the crust of China is "atypical" in terms of
its composition.

Crustal Evolution
Crustal velocity columns (Fig. 5) provide insights into the evolution of the crust of China. The

five crustal columns for eastern China all indicate relatively thin (29-33 km) crust, close to the
continental global average for extended crust (30.5 kin), but significantly thinner than the global average
of 39 km (Christensen and Mooney, 1995). This observation, along with geologic evidence, is consistent
with Cenozoic crustal extension in eastern China (Hsu et al., 1990; Zhao and Windley, 1990). The low
average crustal velocity (Fig. 4) and uppermost mantle velocity (7.8-8.2) are consistent with 
inference, as are global tomographic models that indicate low shear-wave velocities in the upper mantle
(i.e., thin lithosphere) of eastern China south of ° N (Suet al., 1994; Zhang, 1996). Northeastem
China (above 42° N) has no crustal refraction data, but global tomographic models (Ekstr6m et al.,
1997) provide evidence for a thick lithospheric root, and geologic evidence does not indicate significant
Cenozoic crustal extension.

The crustal columns for western China (Fig. 5) show thick crust that is characteristic of young
orogenic belts. Three of the four columns differ from the thick crust of shields in that they lack a high-
velocity (7.0-7.6 krn/s) lower crustal layer (Christensen and Mooney, 1995). These three crustal
columns are best considered in light of recent seismological studies in western China that define crustal
and upper mantle properties on both a regional scale (McNamara et al., 1994, 1995, 1996; Beekers et
al., 1994; Zhu et al., 1995) and locally for the southern Tibetan Plateau (Fig. 1; Allege et al., 1984;
Hirn et al., 1984a,b; Zhao et al., 1993; Nelson et al., ~996; Makovsky et al., 1996a,b). These data are
consistent with a model for the evolution of we.stern China that is based on the concepts proposed by



Zhao and Morgan (1987) and Nelson et al. (1996). The key concept of this model is that the middle 
lower crust of the Tibetan Plateau is a fluid-like layer, and the crust of India is injected into the Tibetan
crust as an initially cold slab, but is heated and partially melted after moving 200 - 300 km northward.
Thus, the ernst of India is assimilated into the crust of Tibet, and the surface of the Plateau is raised by
the increasing crustal volume. We interpret Column (a) (Fig. 5) to show the high-velocity (7.1 
lower crust of the Indian shield prior to its heating and assimilation into the lower crust of Tibet. Such a
high velocity lower crustal layer appears to be missing beneath the central and northern Plateau.
Bordering the Plateau, the thick crust of Siehuan Province (column e) and Western Yunnan Province
(column d) appears to reflect the eastward extrusion ("escape") of this crust from the Tibetan Plateau
(Tapponnier et al., 1982).

In sumrnm3,, fl~e crustal structure of China closely reflects the most recent thermo-tectonic event
that has modified the crust. The most recent processes that have dominated crustal evolution are
continent-continent collision (western China) and crustal extension (eastern China). Despite the 
history of crustal evolution, very little stable continental crust with "typical" seismic properties has been
fornaed to date in China.
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Table 1. Brief description of the DSS profiles. .... ,
Region ReferenceProfile

Number

9
10

11

12
13
14
15
16
17
18
19
20
21
22

North China Plain and adjacent regions
Lower Liao River Plain
North China Plain and Qinling Folded
Region
Qinling Folded Region
Qinling Folded Region and Yangtze
Quasi-Platform
Yangtze Quasi-Platform and South
China Folded Region
South China Folded Region
Hengyang Basin, Youxian Basin and

Sun et al., 1988
Lu et al., 1988
Hu et al., 1988

Ding et al., 1988
Chen and Gao, 1988

United Observing Group, 1988

United Observing Group, 1988
Li et al., 1988

Source

T~’pe*
A
A
B

B
B

B

B
B

Chaling-Yongxing Basin
Southeast Coastal Fold belt
Guilin Uplift and Yishan Uplift

South China Folded Region

Ordos Platform
Ordos Platform
Qilian, Liupian and Qinling Mts.
Sichuan Basin and Tibet Plateau
Yunnan-Guizhou Plateau
Yunnan-Guizhou Plateau
Qaidam Basin
Tarim Basin
Qinghai-Tibet Plateau
Qinghai-Tibet Plateau

Liao et al., 1988
Liuzhou Explosion Research Group,
1988
Liuzhou Explosion Research Group,
1988

Personal Communication (Zhang)
Personal Communication (Zhang)

Zhang et al., 1988
Chen et al., 1988
Kan et al., 1988
Kan et al., 1988
Teng, 1979
8301 Program Cooperation Group, 1988
Teng, 1987
Inst. Geoph. Acad. Set., 1981
Teng et al., 1983

A
B

B

A
A
A
A
A
A
A
B
C
C

A&C

Crustal
Thickness

30-34
32-35
30-34

34
34

33

32
29

29
33

32

38-60
40-51
41-46
39-46
51
51
7O

45 -73
73-76

A. Bore-hole explosion.
B. Industrial blast.
C. Explosion in water.
Including 31 DSS profiles.



Figure Captions
Fig. 1

Tectonic sketch map of China (after Huang et al., 1980).
Nearly all geologic provinces have been surveyed with seismic refraction profiles (Fig. 2).

Fig. 2
Location map of the seismic refraction/wide angle reflection profiles in China (1958-1990).

The profile numbers correspond to Table 1.
Solid lines: profiles completed from 1958 to 1986
Dotted lines: profiles completed from 1987 to 1990; not yet published
Dashed lines: profile with sparse observational points

Fig. 3
Crustal thickness obtained prim~u’ily from seismic refraction/wide angle reflection

experiments. Solid isolines represent more reliable results. Dashed lines were obtained by
considering gravity data. The 45 km contour coincides with the western boundary of the Sino-
Korean platform and the Yangtze platform, as well as with the north-south seismic belt (Fig. 2).

Fig. 4
Pn (upper mantle; in parenthesis) and average crustal velocities obtained from seismic

refraction profiles in China. Pn velocities are well within the global average of 8.0 +/- 0.2 km/s.
Average crustal velocities range from 6.14-6.45 km/s, corresponding to a felsic to intermediate
bulk crustal composition. Average crustal velocities greater than 6.45 km/s, which are commonly
reported for the Precambrian of Russia, are not measured in China.

Fig. 5
Representative seismic velocity-depth functions for nine regions of China which can be divided

into two parts by the north-south trending seismic belt (105°): western region (a-d) and eastem
region (e-i). In the western region, the crustal thickness is greater than 45 km, while it is less than
35 km in the eastern region.
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United States Department of the Interior
GEOLOGICAL SURVEY

United States Geological Survey
Western Earthquake Hazards Team
345 Middlefield Road, Mail Stop 977
Menlo Park, California, USA 94025

Tele: 650-329-4764
Fax: 650-329-5163

Secretary: 650-329-4785
mooney~and reas.wr.usas.go~

TAKEm I

I
¯

Madame Wang Hongzhen, Director
Department of International Cooperation
State Seismological Bureau
No. 63 Fuxing Avenue
Beijing 100036, China
Fax 86-10-68210995

March 9, 1998

Dear Madame Wang,

Thank you for your fax message with news about the Sino-US
Joint Workshop on Geodynamics and Seismic Hazards to be held in
Shanghai July 15-18, 1998. I was very pleased to receive your message. I
have already discussed your FAX with Prof. Francis Wu.

Your draft plan is excellent. I was pleased to read that Prof. Ma
Zongjin of the Institute of Geology had agreed to join Pro. Chen as Co-
Chairman. These two scientists are very distinguished, and are well
known in America.

The list of five main topics is very suitable for our workshop. The
suggested topics are likely to encourage interesting and stimulating
presentations.

Your message included the names of about 15 Chinese
participants, and I was pleased to see that many of the most important
and creative scientific leaders were included there. We will try to



organize an American delegation that is well matched to this
distinguished group of Chinese Earth Scientists.

Prof. Francis Wu and I have made a preliminary list of possible
American participants. Our goal is to include people who are excellent
scientists, and who are likely to propose cooperative Work through the
US National Science Foundation and the USGS. At present we have too
many names on our list, and we need to discuss our ideas further in
order to reduce the number to about 10-12 leading scientists. 1 hope that
Dr. Leonard Johnson at the NSF will assist us in selecting these final
names.

Thank you for your message. We are confident that a very
important Workshop will result from our efforts.

Sincerely yours,

Dr. Waiter D. Mooney
USGS Coordinator: PRC-US Cooperative
Program in Earthquake Hazards
Reduction
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State Seismological Bureau
No.63 Fuxing ,4vemw, llei.l’ing 100036. China Tel: 86-10-68215522. Fax: 86.10-5821099.~

I I I I[ _

Fax tot
Dr. Waiter D. Mooney
IJSGS Coordinator
Westem E:trthquake Hazards Team
USOS Menlo Park Office
CA 94025, USA
Fax: 415-329-5163 "
c-mail’, mooney@andreas.wr.usgs.8ov

Re: Joint Workshop on Geodynamics and Seismic H~,’a,d

March 2, 1 gg8

Dear Dr. Walter D. Mooncy:

According to the coordinators" meeting and our discussion in last November, a joint
workshop on geodynamics and seismic Imzard will be held in Shanghai this July, just
bclbrc ~hc Western Pacific Geophysical Meeting. Ttu’ough the efforts of different
departments and scientists of the Chinese side, a preliminary schedule for the
meeting has been worked out. Attached, please find the draft plan. We would like to
know tf the time and topics are suitable for you and your colleagues. Please feel free
to 13,ake comments and suggestions. Also, we’d like to know the name list of
p,’a’ti~pants from the U.S. side at your earliest convenience.

I am looking ~brward to hearing from you soon.

With my best wishes.

Sincerely yours,

Department of International Co-operation
State Seismological Bureau

doco:/c :/hu/mooney I



~ United States Department of the

GEOLOGICAL SURVEY

Western Earthquake Hazards Team
345 Middlefield Road - MS 977
Menlo Park, California 94025

telephone +1-650-329-4764
fax +I-650-329-5163

e-mail: mooney @ andreas.wr.usgs.gov

Interior@

MEMO October 8, 1997

TO: Mr. He Yongnlan
Deputy Director General,

FROM: Walter D. Mooney, USGS

US-China Protocol on EQ

Official Invitation to Visit

States

ss.
Coordinator

Hazards Studies

the United

This is an official invitation for an eight
person delegation arranged by the State
Seismological Bureau (SSB) to visit the United
States in the period of around November 12-26,
1997. We understand that the delegates will visit
scientific and governmental groups in several cities.
The names of the eight delegates are:

1. Li Quianghua, Deputy Director, Office of General
Administration, State Seismological Bureau

2. Guo Weiping, Deputy Division Director, Administration
Office of the State Council

3. Zhou Chuanrong, Deputy Division Director, Ministry of
Publicity



4. Luo Hongfu, Vice Secretary General, Gansu
People’s Government

Provincial

5. Nur Bakry, Vice Secretary General, Xinjiang Uygur
Autonomous Regional Government

6. Zhao Hongqi, Division Director, Administration Office,
He Bei Provincial People’s Government

7. Tan Xianfeng, Division Director, Office of General
Administration, State Seismological Bureau

8. Ms. Li Jing, Deputy Division Director, Center for
Analysis and Prediction

Terms of
will make
Federal, State and private organizations.
professional travel agency will handle all
arrangements, and all expenses associated
trip will be paid by the SSB

the Invitation: The US Geological Survey
arrangements for .all meetings with

A
travel
with this



STATE SEISMOLOGICAL BURF AU

Mr.Waiter Mooney
PRC/US Protocol Coordinator
Earthquake I Iazards Team
USGS Menlo Park Office
345 Middlefield Road, Menlo Park
Calilbmia 94025-3591
Fax no: 415 329 514315163/5658

J~ .hh (Add) ¯ No.63. Fuzing Ave.ue-
Beijing Chint

f0, ~(Csble ), T?TT?.Beijing Cbin~t

~7~~(Tale=), SSSSet aSS 
=~¢~ (Fax) , OO--t0--821npg~

September 20, 1997

Dear Mr.Walter,

You must be back home again at|or the long flight from Bcijing to San Francisco I was
very pleased to co-work with you in this year’s Coordinators" meeting, and we had spent
very busy but very fruitful days. In addition to the review of the ongoing projects, we also
added some new projects which will provide more room lbr the scientists o1" both
countries to play in the earthquake studies. We really enjoyed the down-to -earth spirit in
the two days’ meeting.

As we discussed on the afternoon of September 16, 1007 at Xiyuan Hotel, the .¢,tate
Seismological Bureau will send an educatio.n delegation to visit the United States for a
period of two weeks. The proposed visiting period will be from November !$ to
December 1, 1997. The name list ofthe delegation comes as follows:

I. I,i Qianghua, Deputy Director, Of’rice of General Administralion,
State Seismological Bureau

2. Guo Weiping, Deputy Division Director, Administration Oil]ca of the State Council

3. Zhou Chuanrong, Deputy Division Director, Ministry of Publicity

4. Luo ! longfu, Vice Secretary General, Oansu Provincial People’s Government

5. Nur Bakry, Vice Secretary General, Xinjiang Uygur Autonomous Region Government

6. Zhao Hongqi, Division Director, Administration Office,
He Rei Provincial People’s Government

7. Tan ×ianfeng, Division Director. Office of General Administration,
Stale Seismological Bureau

8. Ms. [.i Jing, Deputy Division Director, (:’enter for Analysis and Predictitm,



State Seismological Bureau

The purposes of the delegation’s visit to the United States a~e to have a general
understanding of how earthquake knowledge is reached to the citizens to increase their
disaster awa.rencss, ~d how the the results of earthquake studies are translated into the
governmen(st concrete action ~or eanhq~eke disaster mitigation e~on. The pa~t
experience shows ~hat the public dis~ter aw~cness end ~he Bove~ment’s involvement in
disaster r~ucdon will have ~ ~re~ e~ect on reducing the possible losses ~om disasters.
The delegation, mainly consistinB o~ ~bc responsible o~cisls ~or the e~hquske disaster
s~ir et various levels o~ gove~ments ~i] ~nher ~timulste the government’s
participation in ~he disaster ~duction e~off.

The tentative itinerary comes as follows:

November 18, arrive in San -’~
November 19, visit the FEMA’s r¢ al off’ice, visit Menlo Park or’rice
November 20, visit the 8nverno’ Office
November 21, fly to Los An
November 22, visit the SC Fernando t

where ~¢; qorthr~dge earthquake occurred.
November 2.t, visit difornia Sclsmic Safety Committee
November 24, fly ew York

November 25, lJnitcd Nations Development and Suppc>n Service
November to Buff~tlo to visit the NCHER~

Center for Eanhqu~e Engineering Research
visit in Buffalo

28, fly to Washington D.C.
29, visit the IRIS and USGS

Nov,

,ember30, social activities in D.C., and fly to New York
l, depart for Bcijing via New York

All the expenses will bc covered by the State Seismological Bureau.

You arc kindly requested to issue a letter of invitation with ’,dl the names or’the visitors
covering the period ofNovcmber I g to December I, 1997.

SSB also would like to seek your assistance for the delegation’s local transportation and
hotel reset’ration, and coordinate the activities of the delegation during its stay within the

i have finished thc Minutes of" [997 Coordinators’ meeti-ng and it will be distributed to
other participants for further revisions When all the revi.sions are made, I will send
Leonard and you the signed copy.

Looking forward to your reply soon.



Please rememT~er me to Mehmet Celebi.

Yo~rs Sincerely,

Huang Jianf’~, Division Director
Department of Interna,.ionu~ Coc~peration
State Se~sm~dogica! Bureatz



AGREEMENT ON EXTENSION OF THE PROTOCOL
BETWEEN

THE NATIONAL SCIENCE FOUNDATION
OF THE UNITED STATES OF AMEEICA AND

THE GEOLOGICAL SURVEY OF THE DEPARTMENT OF THE INTERIOR
OF THE UNITED STATES OF AMERICA

AND

STATE SEISMOLOGICAL BUREAU OF THE
PEOPLE’S REPUBLIC OF CHINA

FOR SCIENTIFIC AND TECHNICAL COOPERATION
IN EARTHQUAKE STUDIES.

In accordance with Article ii of the Protocol between the National Science
Foundation of the United States of America, and the Geological Survey of the
Department of the Interior of the United States of America, and the State
Seismological Bureau of the People’s Republic of China, for Scientific and
Technical Cooperation in Earthquake Studies signed in Beijing on January 24,
1980, and extended on July 17, 1984, effective January 24, 1985, the Parties
agree to extend the Protocol for a period of five years, effective January 24,
1990.

Done in quadruplicate in Washington, D.C. on /~G,~c.l~ ~ 199D,
and 1990, and in Beijing ~m.y ~ 1990,
in the Chinese and English languages; both texts being equally authentic.

S~}_~es of America

For the State Seismological
Bureau of the People’s
Republic of China

For the Ge6iogical Survey of
the Department of the Interior
of the United States of America
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AGREEMENT-I-N-PRINCIPLE

between, the

STATE SEISMOLOGICAL BUR.EAU, PEOPLE’S REPUBLIC OF CHINA

and the

UNITED STATES GEOLOGIC.4.L SURVEY

under Annex I of the Eazthquakc Studies Protocol

UPGRADES TO THE
CHINA DIGITAL SEISMOGRAPH NETWORK

27 Mazch 1990

Signed: Signed:

ancl EngineerinZ, USGS



I. INTRODUCTION

The CDSN has been in operation since 1986, and has been producing high
quality digital data for research seismolo~s~s world w~de s~ce c~ly 1987.
The CDSN data ~c made av~ablc ~o the res~ co~-nlty t~ou~h the
CDSN Data ~a~ement Cen~er (D~C) ~ Be{~, the USGS AlBuquerque
Se~smolo~ LaBoratory (ASL), ~d the USGS Nat~on~ E~thqu~e
matron Center (NEIC) ~ Golden, Colorado. These d~ta ~c ~st~huted 
the CDSN D~C ~ the form of Network Day T~pes, By ASL ~s ~1o~ net-
work dry t~pes or vol~cs ~tten ~ SEED (St~d~ for the Ez~e of
E~thqu~e Data) Fo~at, ~d By NEIC ~ the form of CD RO~ opt~c~
~sks conta;~;o~ event data. The SEED vol~cs produced by ASL t~e the
pl~cm o[ the Network Day T~pes produced prc~ously by ASL. SEED vol-~es
(presently tapes) ~e ~tten ~ a st~d=d £o~at a~eed upon by a
port,on o~ the ~temat~on~ se~smolo~c~ co~-u~ty. ~ese~ se~smolo~sts
~e ~a~$ ~he ~cius~on ot the CDSN ~ta ~ the puB~sh~d da~a vol-~es
~e a v~uable asse~ ~ the~ s~u~es. For em~ple, the recen$ (Nov. 19SS) l~e
c~thqu~e ~ Y-~ produce c~ ~e s~u~ed ~ mu~ ~eatez det~
of the av~aB~y o~ CDSN ~td data.

However, t~s p~ic~ e~hqu~c po~tcd to ~hc need ~or even ~eater dy-
n~c r~e th~ is a~ablc ~ the present CDS~ system. There w~s

w~ ASL receives data on a re~ basis. The lowest E~ ~~
the BroadB~d ~e~, ~d these ~d not show e~dence o~ cHpp~
at K~;~ E. 7~t~t~on of ~S/GSN (~o ~o~ ~s I~S-2) eq~pment
the statlo~ wo~d ~ow the recor~ o~ broad~d (BB) data at ~vc t~es
lower sensuality ~h~ ~ the CDSN, so t~t ~e c~thqu~es wo~d Be even
more ~ely ~o ~c recorded ~hout c~pp~. ~o the BB dat~ wo~d recorded

eq~pped ~th opt~on~ very short period (VSP) ~d low E-~ (LG) sensors
~ow the recor~E o£ ~h ~equency (up to ~0 Hz) ~d ~h a~p~ude (up
to 2E) wave~o~s o£ loc~ ~ re~on~

The dealed capab~es ~or a Glo~ Se~smo~p~c Network (GSN) o~ 
t~ selsmo~ap~c statlo~ w~e d~ed as a reset o~ the ~S ~tiative.
1984, the ~co~orated Eese~ ~titu~io~ for S~smolo~ (~S) prepped
a S~ce PI~ for a New GIoB~ Seismo~ap~c Network (GSN). T~s pl~
was suB~tted to the US Natio~ S~ce Fo~dation (NSF) ~d res~ed
a cooperative pro~ Be~we~ ~, NSF, ~d the USGS, to dev~op
~t~ a mode~ ~t~ ~road~d seismo~aph network o~ ~0 to 100 stations
¯ st~buted every ~o~d the ~lo~e. Based on the Science Pl~’s toque-
merits, "The ~e~ign ~on~ For A New GloB~ Se~smo~p~c Network," dated
~ 13, 1985, ~d a "5-Ye~ Sillng PZ~n ~S Con~dbutlon to the Glo~

1



Digital Selsmo~rap~¢ Network," dated Marc~ 28, 1986, were prepped.
two doc,~cn~s state ~ det~ the tee_h~cd spec~cations ~d the proposed
station loc~ions for the GSN station.

The ~ng ~Z~n depends on the CDSN stations for seismograp~c coverage o~
C~{~a, as ~ ~te~d p~t of the ~SN. Hewers, the CDSN stations do not
presently meet ~ o~ the I~S te~c~ spec~cations ~ the Design
~ order ~or the CDSN to become a ~y p~ticipat~ p~tner ~ the GSN
pro~, ~t ~ be ncces~y to upside the CDS~ stations ~d the DMC

B AND~T~: S~clent b~dwidth to ~dequately record the entre
t~ o~ seis~c si~s that propagate over ~st~ces that ~e l~e com-
p~ed ~th the station sep~atlon~ on the order o~ 20 de~ees for a
station network. Broad~d dat~ ~ho~d be recorded cont~uously
s~ples per second, ~th ~her ~equency ~eis recorded on ~ event
basis.

2. RESOLUTION AND FULL-SCALE: Over the specked b~d~dth,

tdesds~c event. Nd~hc~ the ~ ~c~ ~pp~ no~ the system noise
sho~d obsc~c ~y si~ of ~t~cst.

3. L~EA~TY: The syst~ output sho~d be a ~c~ ~c-~~t
tion o~ the ~ro~d motion. ~the~, the ~e~ty sho~d be su~
si~ nc~ the ~o~d no~se ~-~,~ ~ be resolved ~ the ~res~ce
o~ ~o~d noise at oth~ ~cquondcs nc~ the c~cc~ed ~o~d no~sc m~-

~ ad~fion ~o these dcs~ go~s, the GSN syst~s ~so have the ~ty to
tr~ ~y or ~ of ~hc acq~e6 d~t~ ~a ~ se~ port to ~ host comput~ or
centr~ recd~ s~afion. ~h~e ~s ~o a ~-up port that may ~ co~ected
to a telephone ~e or modem so t~t b~ed data may be ~ct~cved by
c~1~g the st~t~on processor ~om ~ot~ compute~. Up to s~ c~-~s
~ or S~ ~og outputs ~e a~le for ~e ~ produc~ convenfion~ ~o~
sdsmo~ on ~ recorders.

The zecor~;~g syst~ proposed for up~a~;~ ~hc CDSN over the n~ two
to t~ec yc~s ~ meet ~ of the des~ ~o~ ~or the GSN. ~ ~d~fion, the
new DMC eq~pmcnt proposed ~ be able to read tape c~tHdges ~om the
up~aded statio~ ~d comp~e S~D network vol,~cs ~om them ~d ~om

~ proportion for ~t~tion of ~S-~ sds~c d~ta syste~ ~ C~;~a
t~s A~e~cn~, the USGS ~d the SSB ~ee to cooperate ~ the e~ly
la£ion of S~ seis~c data sys~c~ at fo~ CDSN s~atlons, ~d to reliever



seiszcd¢ data ~om these stations to the DMC ~u Beiji.ug and to ASL. ASL wi].1
fr~s~f ev~n~ p~e~er data ~o the DMC ~ B~ij~ over the reverse ~.
The S~ sds~c da~a systems a~ ca~ station ~ opera~c for aSout one ye~
or ~t~ m I~IS-2 data ~ystem is ~.t~ed ~ that station. At that t~e, the
S~ system may be att~ed to the IRIS-2 system as a work station, it ma~
be moved as a complete system to ~other station, or it may be left ~ place
~d cont~ue ~o be used as before.

The USGS wiiI let a contract for the i,ustallation work and the tr~,~. The
USGS field engh~eer ia China and the SSB w~I assist the TJSGS and its con-
tractor ~u installation of the Sun seisudc data systems and telemetry lhlks.

3



II. PUI~POSE

The purpose of this Agrccmaut-In-Prlnciple is to list the steps necessary for
upgrar]~ng the present China Digital Seismograph h’etwork (CDSN) to 
compatible with II~S/GSN standards, to install Sun systems at four stations,

and to assign the responsibil~tles and costs fo~ each item to the PR.C side or
the USA side. This Agreement-In-Prlnciple is understood by both sides to
be witH~ the ori&iual terms and conditions of ,~,,ex I to the Earthquake
Studies Protocol, signed in 1980 by the State Seismological Bureau
the U. S. Geological Survey (USGS), and the U. S. National Science Founda-
tion (NSF). It will result in an upgraded and erpanded seismograph network
~u CH;,~a, consisting of 10 II~S/GSN-type stations, four stations with Sun
systems and work stations, an upgraded Data lV~anagement Center
~ud an upgraded i~etwork Ma;,~tenance Center or Depot (I~IV[C). It ~ also
result in data being telemetered by satellite from some stations to the D~C
and from the DMC to the USA, ~ud in earthquake parameter data

telemetered from ASL to the DMC in Belj~ug.

As with all cooperative activities under the USGS Protocol on Earthquake

Studies, this activity is subject to the availability of funds.

4



III. US.& SIDE 1:rESPONSIBILITIES

k. Install Sun Se{smi¢ Data Systems.

1. At four CDSN stations, install a Sun seis=/c data system, including
three short period seismometers, three broad 5and seismometers,
digitizing system, digital recorder, work station, end Unlnterruptible
Power System (UPS). This equipment .will be installed in addiHon
to the current CDSN data system and sclsmometcrs.

2. The four stations will be Baijatuan (BJI - near Bcijing),
(LZH), H ar (HZA), and Ur-mqi (WUq).

B. Upgrade Station~ To IP.IS/GSN Standards.

1. Upgrade five CDSN stations by replacing the present CDSN data
logger and seismometer system with IP~S-2 data logger, VBB seis-
mometer system, and possibly very short period (VSP) and/or low
gain (LG) seismometer systems (optional).

2. The five stations will be:
K,,,~u~,~ (KMI), Mudanjiang (MD~I), Enshi (ENtt),

and She-,han
3. Upgrade the rer~i~g £our stations o£ the CDSN network~ plus

a new site at Lhasa, 5y replacing the present CDSN data logger
and selsmometer system with IRI$-2 data logger, YBB seismometer
systam, and possibly very short period (VgP) and/or low gain
seismomcter systems (optional).

4. The four stationz in addition to the station at Lhasa will be:
BJI, LZtt, tII~, and WMQ.

5. This will result in a total of 10 CDSN stations that f~a~ly meet
II~S/GSN standards.

C. Telemeter Data To Beljing A~ud ~SL.

1. Telemeter Sun System Data To Beijing A.ud

Telemeter basically continuous VBB, LP~ and SP data from the Su.u
systems at stations B~I, LZH| HI~| and ~MQ. to the DMC in Bel-
jing and to ~.SL. The USGS and its contractor will work through
the $SB with the Chlzm Broadcast Satellite Corporation (CBSC) 
establls~,~g two-way satellite ]~s from each station to th~ DMC.

This responsiSillty includes the purchase and ~tallation o£
electronics and auten~as, satellite ]~k lease costs, and installation of
a land ~k or other ~ufface ]~-k (such as a mlcrowave link) f~om the
CBSC Hub (Central Earth Station) to the DMC. It also includes the
responsibility for any necessary land ]~k for connecting the DMC to
the out-going satellite link to the US.~.



The land lln~ or other sur£ace 1~k ~rom the CB$C Hub to the DMC
~ be ~ed ~th a m~m~,m c~p~city o~ I12,000 ~ts per ~econ~
to ~o~ for furze e~sion by SSB.

2. Telemeter IRIS-2 Sy~cm Data To Bci~in~ ~nd ~SL:

For stations B~I, LZH~ ~IA, K~I, WMQ, ~d Lhass (~ter upgraded
to I~S-2), telemeter basic~y cont~uous very broad b~d (VBB)

~d LP data, very short p~od (VSP) events, ~d low g~ (LG)

events ~om the IRIS-2 systems ~o the DMC ~ Bclj~E, ~d ~om
the D~C to the Albuquerque Sc~smolo~cM Laboratory (ASL).

3. Telemeter event p~cter data ~om the N~tionM E~thqu~e
~o~stion Center (NEIC) ~ Golden, Colorado, t~ou~h ASL to the
DMC ~ Bei~g on the reverse satc~tc ]~nk. Telemeter p~eters
for ~ cvcn~s detected ~ Ch~na ~ca~cr th~ ~tcr ma~tude
~d for ~ other events ~ th~ world ~cater th~ run.rude 6,
av~ablc. Also telemeter to the D~C event w~ve~o~s, ~ av~ablc,
upon spcciM request ~om the DMC.

D. ~’pgradc Data ~agcmcnt Center.

~. Up~ade the computer cq~pment o~ the DMC to Di~t~ Eq~pmcnt
Co~oration (DEC) ~icro~ ~ computer(s), capable 
SEED nciwork vob~cs ~om ~S-2 station tape c~t~dges ~d ~om
c~cnt-t~e CDSM station tape c~t~dges.

2. ~st~ ~ the DMC one or two S~ computers to be ~ed as telecom-
m--~cMio~ computers to receive dMa ~om S~ syst~s
~S-2 systems at the statio~ ~d tr~s~t dat~ to ASL~ to
ceivc event p~ctcr data ~om ASL, ~d to ~ction as ~ work
station. Co~ect the S~ compute(s) to the D~C compute(s)
DECNET.

3. Prodde ~d ~st~ one ~M PC compatible computer ~ the DMC
~d co~cct it to the DEC computer(s) 

4. ~s~c that the DMC ~ be capable of produc~g copies of station
tapes~ SEED network vob~es, ~dposslbly other dst~ sets, on a
defy o~ mc~s that ~e conve~ent for data uses. These me~
~dude ~M PC ~oppy ~s~, st~tion-t~e ~tddges (150
Excb~c c~t~d~es (I.5 Gb~cs), ~d possibly 9-tra~ t~pes. ~ ~e-
b~e ~t~dgc ~vcs ~c not ~ort~ble to C~, a substitute
capacity me~-~ ~d ~ve ~ be prodded.

I. S~ System ~,~i~g For NMC ~d DMC People:

S~ system tr~i~ ~ the USA ~ be provided ~or two NMC
two DMC te~c~ En~sh-spe~ people who c~ prove equM



2. I~IS-2 System Trdn~ng ~or NMC k~d DMC

IKIS-2 sy~m ~rdn~n~ ~or NM~ ~d DMC people ~ ~e prodded
~ a s~gle tr~g period ~ the USA for a tot~ o~ 25 m~-wecks
(for e~ple, 5 PRC people for 5 weeks). SSB a~rees to send ~ood
te~cd people who c~ spe~ ~d ~derst~d Enmesh reasonably
we~. T~s tr-~n~ w~ t~e place just ~efore the ~st station up-
~ad~ be~. kd~tion~ tr~g ~ be prodded in Beij~
the up~ade~ begin.

S~ system traln;ng for station operators wiH be provided ~ China
at the t~e of S~ system ~st~a~ion~ either in Belj~g or a~ the
station si~e~ at SSB’s prderence.

I~S-2 system tra~nlng for station opera~ors w~ be provided
China a~ the ~e o~ ~S-2 system ~s~atlon, either ~ Beij~g
or at the station si~e, a~ SSB~s prderence.

F. Up~ade The Network Me~nten~ce Cen~er~ Pro~de Sp~e

1. NMC Eq~pment ~d P=ts For The S~

Sto~ the NMC ~th sp~c p~s ~d eq~pment for station

to keep the S~ syste~ operat~g a~ a ~gh percentage of
~d ~;n~ that level of sto& for the d~ation o~ the S~ system
e~c~cnt.

Pro~de onc co.plebe ~S-2 s~afion d~a ~cq~sition sys~e~

s~clent to keep the cn~c network opera~g a~ a ~gh percentage
of up-t~e, ~d m~a~n that level of s~o~ for the d~atlon of the
coop~afive a~eem~t between SSB ~d USeS for op~at~g
CDSN ~S-2 network.

4. Up~ade ~d au~en~ NMC tes~ eq~pm~t as necess~ for proper
support ~d m~en~ce of the ~S-2 da~a acq~sRion systems.

5. Pro~de one ~M PC compatlhle computer for the NMC, to be ~ed
as a ~a~ostic tool for the ~S-2 station syste~ ~d for use
~ventor~g N~C sp~e

G. Eq~pment For One Ad~tlon~ CDSN S~ation.
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I. S]~p one current-type CDSN system, inclu~,~8 data acquisition sys-
tem ~ud UPS, to C~,~a ~or inst~11-~ion at Lhas~.

2. P~o~de te~c~ assis~ce, as necess~y, d~ ~st~ion o~ t~s
eq~pment at Lhasa.

Network Support.

1. S~ Network Support:

Provide support for the 5~ ,~atlon syst~s ~d the S~ teleco~u-
~cat~ons computer. Pro~de ~eld ass~st~ce ~ C~a ~s necess~y
to support the ~st~ation, operation, ~d m~ten~ce of the S~
network. Pro~de operat~g supples that ~e not av~able ~ C~a.

2. I~S-2 Network And CDSN Support:

Cont~ue to pro~de support for the c~ent-t~e CDSN stations ~d
~S-2 up~aded CDSN stations at BJI, ~MQ, LZH, HIA, KMI,
MD~, ENH, ~IZ, ~d SS~. P:o~de support for th~ cu:rcnt-t~e
CDSN eq~pment at Lhasa, when ~t~ed. Pro~de support for
~S-2 eq~pment ~t Lhasa, wh~ ~st~ed. Cont~ue to pro~dc
support for the NMC ~d the DMC ~ B¢~j~8. Pro~de ~eld assis-
t~ce ~ C~ as neccss=y to suppo~ the cont~-~g operation ~d
ma~ten~ce of the CDSN. Pro~de operat~ supples that ~e not
a~able ~ C~a.

3. DMC M~.

Pro~de ~ Lnten~ce o~ DMC eq~pment as mu~ as possible by
m~ten~ce contracts¯
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I~ r. PRC SIDE RESPONSIBILITIES

A. Site Preparations For Sun Systems.

1. Perform auy ~or site up,aries and hnprovements st the [our
CDSN stations (B~I, LZH, H~, ~d ~M~) as may ~¢ necess~
~or ~t~ation o~ the S~ ~ystems. Also per~o~ ~y necess~y im-
provem~ts o~ DMC ~d NMC ~sc~ties, su~ as ad~tion~ space ~d
be~ter enviro~ent~ controls, for ~st~ation o~ the S~ teleco~u-
~c~tion~ computer.

2. Pcrfo~ sate~tc sign~ strength test~ ~d ~F noise tests at station~

3. Cooperate with US te~c~ perso~el ~ ~e~out, ~st~ation, ~d
acecpt~ce teSt~ of new eq~pmcnt.

4. Pro~de ~ tr~portation of eq~pment ~ C~.

5. Cont~ue to pro~de d~y m~a~emcn~ of the ~-sta~ion network, ~-
ciud~ the S~ systems ~t B~I, LZH, ~IA, ~d ~Q. Cont~ue to
pro~dc d~y m~a~cmcnf of the DMC ~d the NS~C, ~clu~ng ~hc
S~ system at fhc DMC.

6. ~s~e that sci~c data ~e ~elemetcrcd ~om the S~ syste~ at the
fo~ s~a~io~ B~l, LZH, H~,~d W~Q to the DMC ~ Be~j~, ~d

~om the DMC to ASL. Pro~d¢ copies of S~ system station tapes for
t~e pc~ods d~ w~ telemetered dat~ ~om these ~o~ stations
~e ~ss~g due to te~c~ prob]~ ~t~ the telemetry li~s.

7. T~e whatever steps ~c ncccss~ to ~c that power is a~able
to the DMC cq~pment 24 ho~s ea~ day.

B. Site Prep~atlo~ For CDSN System At Lhasa:

~rep~e one new CDSN site ~t Lhasa ~or ~st~ation o~ c~ent-t~e
CDSN station eq~pmcnt. T~s ~cludcs capi~ const~ction, scismomc-
t~ ~t or t-=~el const~ction, ~d ~e power supply ~provcmcnts,
but not UPS.

C. S~te Prep~atlons For ~S-2 Syst~.

1. P~o~ necess~ s~te upsides ~d ~provements at the =~-e ex-
ist~ CDS~ s~ations to prep~e ~or ~t~ation o~ ~S-2 syst~,
su~ ~s ~proved ~c powcz, s~s~c noise s~eys, ~d co~t~ction
o~ ~proved selsmomcter ~ts or t~els. ~o pe~o~ necess~y
~provements of D~C ~d ~MC ~ac~tles, su~ as ~d~tlon~ space
~d better ~o~ent~ controls.

~d ~F noise tests ~ prcp~atlon for s~tc~tc telemetry o~ ~S-2
data ~om those sites.
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V. PROPOSED SCHEDULE

A. In 1990:

Imstalt Sun systems alongside the current CDSN systems at BS’I, LZH,
1WIA, and V~VMQ. Also i~stall S~ teleco~cat~ons compute~ at the

¯ " DMC, ~elemetry l{n~s ~om these fo~ stations to the DMC, ~d

..~ try l~nk ~om the DMC to ASL.

B. ~ 1990 ~d 1991:

Up~ade stations KMI, ~DS, ~NH, QIZ, ~d SSE ~th I~IS-2 systems.

Up~ade the NMC to h~e S~ systems ~d I~S-2 systems. Up~ade
the DMC ~o h~e data ~om S~ systems ~d I~IS-2 system,
produce S~ED network vol~cs.

D. ~ 1991 ~d 1992:

Up~ade stations BJI, LZH, H~, WMQ, ~d Lh~sa ~th ~IS-2 systems.
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EXHIBIT I

Statement of Work

To take advantage of Chinese willingness to provide critical seismological data in exchange for visits to the US
for (I) training, (2) data and software exchange, and (3) cooperative data interpretation,

To lay the groundwork for US/China c.ooperation in *he monitoring of large chemical explosions to be fired in
Western China during the next two years. These eventc represent targets of opportunity for the calibration of
seismic propagation path effects and of the international Monitoring System in and around Western China.

These activities all relate to the monitoring or large chemical explosions in China. However, they are
complimented by the data of the Chinese Digital Seismic Network that is operated by the USGS, which is freely
available to all parties. The data from these chemical explosions are presently available through the USGS by
virtue of a Protocol Agreement (see attached) between the IJSGS and China that dates back t,o 1982. This
protocol has been
renewed every five ),ears, and is subject to an annual USGS/China technical review.

This request will allow the USGS to support FY97 cooperative activities between I.,ANULt,NL/USGS and the
relevant Chinese institutions.

Chinese data (198811989 vintage) from large chemical explosions provide critical information regarding seismic
wave propagation in China. Newly available are data along a 4,300 km long profile that crosses the entire
country in a N~’-SF. direction, passing near the Chinese test site, Lopnor. These data consist of(l) 7,400
three-component recordings with an average spacing of 2 km, (i.e, 2,150 separate recording sites) and (2) 
shot points with an average spscing ofg0 km, and a charge size of 0.8-3.9 tons. These data were obtained at the
cost (to the Chinese) of several million Chinese yuan.

Copies of the digital data are available for evalua.don by US investigators. In addition, we will obtain the
geographical coordinates and shot times for all of the chemical explosions that were detonated. This
information is needed for the purposes of seismic verification and calibration.

These data will be used to develop empirical travel time curves and velocity models for the region. They are
anticipated to provide the necessary regionalization information leading to improved location capabilities.

The Chinese (State Seismological Bureau) have announced plans to detonate a series of large (2-4 ton) chemical
explosions in V,’estern China over the next two years. These explosions will be recorded by hundreds of Chinese
portable seismographs along seismic profiles. The announcement of these large chemical explosions provides a
unique opportunity for the st~ff at the US National Laboratories ([.AHL, and LLNI.) to conduct on-site
monitoring of seismic, chemical, and electro-magnetic signals associated with these explosions. Signals from the
largest of these controlled sources may provide data for the calibration of existing CTBT seismic stations.

FY97 Work Plan

Prof. Yuan Xuecheng and Mr. Wang Youxue will be invited to visit USGS July.September, 1997, to provide the
US side with copies of 1988/89 digital data, source coordinates, and the existing Chinese geophysical
inlerpretation. USGS employee Ms. Katharine Favret will devote full time to data transcription and
verification, providing the Chinese with USGS seismic data in exchange, and training the Chinese visitors in the
use of USGS seismic data processing software.

The USGS Crustal Studies Project in Menlo Park has developed, over a period of 15 years, an extensive array
of software programs for the organization, analysis, and interpretation of data from long seismic profiles. The
Chinese recognize this, and this is one of the reasons they are willing to share their data with the USGS.

A technical report describing primary information (coordinates of chemical explosions, shot sizes, recorder
coordinates, instrument response, and related information) will be prepared by the Chinese and Ms. Favret.
Copies of the data will be made available to DOE scientists.

Prof. Wang Chunyong (Project Chief for the Western China Project) will be invited to the USGS in August,
1997, to plan cooperation in the field (on-site recording) for the planned large chemical explosions. It will also
be necessary to provide Chinese scientists with copies of USGS seismic data to establish the basis for future
exchange of Chinese data. Prof. Wang will travel to Livermore, California and Los A|amos, New Mexico, to
discuss project plans with DOE scientists for the Western China project. There are many logistical details to be
agreed on for on-site recording by the American side in China (air transport, field vehicles, import of recording
equipment, visas, taking data out of the country, etc.).
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All other editions obsolete

!. Program/Project Title
Office of Research and Development, NN-20
CTBT Research in China; Opportunities for Cooperative
National Laboratory/USGS Work - Project # ST912

3. Participant Name and Address

U.S. Department of Energy

Reporting l~equiremen~s Checklist

2. Identification number
DE-A.10 i-97-NN20004

United States Geological Survey, Office of Earthquakes, Volcanoes, and F-ngineering, Branch of Seismology
345 Middlefield Road - MS 977, Menlo Park, California 94025

4. Planning and Reporting Requirements

A. General Managements

Management Plan
Status Report
Summary Report

B. Schedule/Labor/Cost

Milestone Schedule/Plan
Labor Plan
Facilities Capital Cost of Money
Factors Computation
Contract Facilities Capital and Cost

of Money
Cost Plan
Milestone Schedule/Status
Labor Management Report
Cost Management Report
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I ] Conference Record
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Management Control System
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Index
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Freouencv
E. Financial Incentives

Statement of Income and Expense
Balance Sheet
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Operating Budget
Supplementary Information

F. Technical

I Notice of Energy RD&D Project
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Technical Progress Report

Draft for Review
Final for Approval

Topical Report
Final Technical Report

[ ] Draft for Review
[ J Final for Approval
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C- Change to Contractual Agreement
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Vitae: Walter D. Mooney
Office Phone: 650-329-4764; Fax 650-329-5163; mooney@andreas.wr.usgs.gov
U. S.. Geological Survey, MS 977, 345 Middlefield Road, Menlo Park, CA 94025

Academic Background
University of Wisconsin, Ph.D. in Geophysics, 1979.
Cornell University, B.S. in Physics, 1973.

Positions
Geophysicist, USGS 1978- present
Seismology Section Chief, USGS 1994-1997
Consulting Prof. Geophysics, Stanford University, 1984-present
Visiting Prof. Geophysics, University of Kiel, Germany, 1985

Professional Associations; Awards and Recognition
American Geophysical Union (1973), Fellow, 1996
Seismological Society of America and SSA Eastern Section (1973)
Geological Society of America (1973), Fellow, 1987; George P. Woollard Award, 1995
Sigma Xi (1980)

Selected Committee and Editorial Service
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